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VIEW  of  the  present  edition  of  tlifse  '  Fragment?,' 
I  have  carefully  re-examined,  recast,  and  to  some  cx- 
ent  remodelled  them,  adding   some  new  ones   to  thost; 
ttulilished  in  former  editions. 

In  regard  to  style  they  are  as  ulear  and  simple  as 
',  could  make  them.  In  regard  to  matter  my  desire  has 
een  that  they  should  utter  nothing  Lase. 

John  Titcdali.. 

Marek  24,  )876. 


PBEFACE 

TO 

THE    FIRST    EDITION. 


[Y  MOTIVE  in  writing  these  papers  was  mainly  that 
which  prompted  the  puhlication  of  my  Royal  Insti- 
tution lectures ;  a  desire,  namely,  to  extend  sympathy  for 
science  beyond  the  limits  of  the  scientific  public. 

I  have  carefully  looked  over  all  the  articles  here 
printed,  added  a  little,  omitted  a  little — in  fact,  tried  as 
far  as  my  time  permitted  to  render  the  work  presentable. 
Most  of  the  essays  are  of  a  purely  scientific  character ;  and 
firom  those  which  are  not,  I  have  endeavoured,  without 
veiling  my  convictions,  to  exclude  every  word  that  could 
cause  needless  irritation. 

From  America  came  the  impulse  which  induced  me  to 
gather  these  '  Fragments '  together,  and  to  my  friends  in 
the  United  States  I  dedicate  them. 

John  Ttndall. 

Anasutxiu  Cldb:  March  1871. 
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TSe  OPTICAL  COKDITIOX  OF  THE  ATMOSPHERE, 
ly  ITS  BEARINGS  OX  rUTREFACTIOX  AKD  lA- 
FECTIOy.' 


4  X  enquiry  into  the  decomposition  of  vapours  by  light, 
l\.  begun  in  1868  and  continued  in  1869,  in  which  it 
was  Decessary  to  employ  optically  piire  air,  It-d  me  to  ex- 
periment on  the  floating  matter  of  the  atmnspliere.  A 
brief  section  of  a  paper  published  in  the  '  Philosophical 
Transactions'  for  1870  is  devot<*d  to  this  subject. 

I  at  that  time  found  tliat  Loiidou  air,  which  is 
always  thick  with  motes,  and  also  with  matter  too  fine 
to  be  df«cril)ed  as  motes,  alter  it  had  been  filtered  by 
peissing  it  through  densely  packed  cotton-wool,  or  calcined 
by  pa-ssing  it  through  a  red-hot  platinum  tul)e  containing 
a  bundle  of  red-hot  platinum  wires,  or  by  carefully  lead- 
ing it  over  the  top  of  a  spirit-lamp  flame,  showed,  when 
fs:imined  by  a  conctntratcd  luminous  beam,  no  trace 
of  mechanically  suspended  matter.  The  particular  por- 
tion of  space  occupied  by  such  a  beam  was  not  to  be  dis- 
tinguished from  adjacent  space. 

Tlje  purely  gaseous  porrion  of  our  atmosphere  was 
thus  shown  to  be  incompetent  to  scatter  light. 

'  1  hsT»  held  back  the  publicntion  of  thii  edition  of  the  '  Frngmenti,' 
HI  u  to  embrace  atouac  tbsm  «ome  account  of  tbiB  inTsetigntion.  The 
)invtuiis  com}iUtioii  of  iho  n-ft  of  tho  volomo  has  rcDderwl  the  Eoparato 
(n^ing  of  this  chapter  Derenat7. 
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I  suli^eqiifnU/  found  that,  to  render  the  air  Uif 
optically  ]miv,  it  was  only  necessary  to  leave  it  to  itaflj 
for  a  sutficiriit  time  iu  a  closed  ehamlwr,  or  in  a  siiitabl 
closed  visiicl,  Tlie  floating  matter  gradually  attacbd 
itself  til  tUs;  surrounding  aurfaces,  leaving  beliind  it  at 
possessiii^f  uo  saitterinj^  power.     Sent  through  such  aij 

failed  to  render  its  traq 

1 
results  with  those  obtained 
»f  Schwann,  Schroeder  aoj 
1  of  the  ilhistrious  Pasteici 
f  '  spontaneous  generationj 
le  power  of  scatt«ring  ligli 
fe  bv  the  air  wotdd  be  fouiU 


the   most   runceutratei' 
visible. 

The  panillelism  of 
in  the  excel  lent  resej 
Duscli,  .Sciiroeder  hims 
in  regiiiil  ti>  the  que 
caused  tne  to  conclude 
iiud  the  |iiivvi  r  ot' prodi 
to  <j;o  hiiiid-iii-liand. 

This  conclusion  was  stren<i;thened  by  an  expeiitnen 
easily  made  and  of  hi<rh  sif^uiticance  in  relation  to  thi 
question.  It  had  bi'cn  pointed  out  by  Professor  Lister 
of  KdiiibiMfi^h,  that  air  which  has  passed  through  tin 
luniks  is  known  to  liave  lost  its  power  of  causing:;  putre 
faction.  Siicii  air  may  mix  freely  with  tlie  Idood  withou' 
risk  of  mischief;  and  that  truly  ii;reat  scientitic  surgeoi 
had  tlie  penetration  to  ascrilie  this  immunity  from  dangei 
to  the  (ilterinjij  power  of  the  lungs.  Prior  to  my  becom- 
ing acquainted  with  tliishypotliesis  in  I8(i9,  I  had  virtuall} 
demonstiated  its  acciu-acy  in  the  following  way: 

C()ndensing  in  a  dark  room,  and  in  dusty  aii',  a  power- 
ful l)eam  of  light,  and  breathing  through  a  glass  tubi 
(the  tulw  actually  employetl  was  a  lamp-glass,  reuderet 
warm  in  a  flame  to  prevent  precipitation)  across  the  focus, 
a  diminution  of  the  scattered  liglit  was  first  observed, 
Put  towards  the  end  of  the  expiration  tlie  wliite  track 
of  tlie  beam  was  broken  by  a  perfectly  black  gap,  tin 
blackness  being  due  to  the  total  absence  from  the  ex- 
pired air  of  any  matter  competent  to  scatter  li^rin.     The 


ITTRKKACTION    A.VD    INFECTIOX.  [J ' 

deept-r  portions  of  tlic  lungs  were  thus  proved  to  be  filled 
irilli  optically  pure  air,  which,  as  such,  hud  no  power  to 
generate  the  organisms  essential  to  the  process  of  piitre- 
GutioD.' 

I  thoujjlit  this  simple  method  of  examination  could 
not  fail  to  be  of  tiso  to  workers  in  this  entangled  field. 
Th«y  had  hitherto  proceeded  less  by  sight  than  by  in- 
sight-, Iteing  in  genend  unable  to  see  the  physical  charac- 
ter of  the  medium  in  which  their  experiments  were  con- 
duct<icL  But  the  method  has  not  been  much  turned  to 
account ;  and  this  year,  while  preparing  these  'Fragments* 
for  publication,  I  was  so  impressed  by  its  possible  import- 
ance, that  I  resolve*!  to  devote  some  time  to  the  more 
complete  demonstration  of  its  utility. 

My  principal  stimulus,  however,  was  the  desire  to  free 
my  mind,  and,  if  possible,  the  minds  of  others,  from  the 
uncertainty  and  confusion  which  now  beset  the  doctrine 
of  '  spontaneous  generation.'  Pasteur  has  pronounced 
it  a  'chimera,'  and  expressed  the  undoubting  con- 
viction that,  this  being  so,  it  is  possible  to  remove 
parasitic  diseases  from  tlie  earth.  To  the  medical  pro- 
feasioo.  therefore,  and  through  them  to  humanity  at  large, 
this  question  is  one  of  the  last  importance.  But  the  state 
of  medical  opinion  regarding  it  is  not  satisfactory.  In  a 
recent  number  of  the  '  British  Mi-dical  Journal,'  anil 
in  answer  to  the  question,  '  In  what  way  is  eontagium 
generated   and   communicated  ? '  Messrs.  Braidwood  and 

•  '  Xo  putrefaclioD,'  Bays  Colio,  'can  occur  in  a  nitmgennus  substance 
'f  it  tw  kvpl  free  from  tb<>  potrance  of  neir  Baclrria  after  tlioso  which  it 
SU7  e>intaiii  havo  lieon  deslroyuJ.  Putrefaction  begins  as  sucju  as  Bacteria, 
■Tea  io  thd  e»u>llait  nambers.  are  accidentally  or  purposely  introduced.  It 
pogmaes  in  dirwt  proportii>n  to  the  multiplication  of  ibu  liticteria  ;  it  is 
Maided  when  the  hactrria  (for  example,  by  a  low  tempemturo)  develop 
a  mall  amount  of  Titality,  and  is  brought  to  an  end  by  all  influences  which 
dtbtr  ftop  the  development  of  the  Bacteria  or  kill  them.  All  baclericidnl 
aiMlia  are  Iherofore  antiseptic  and  difinffcting.'— Beilrage  lur  Biologie  dcf 
Pflaasan.     Zwritea  BoH,  1872,  p  203. 
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A  :..:•.'■--.-  ■'•:'  i.'',:iiLr.-.-:-.  :  ^-.i^^.  •\  :■■  o  r.5truet«-d. 
'-;;;;    -.•■.    'i   j"  ;—   fr  •:/.;•-   •    p.  ^ -•■■:::.     -i  :<.  a::d  sides 

'■'.'.. Z  :  '■■■'  ■'■•  A"  "'-r  ilk  ;-  :  '..'-'.-  ■'.  ■:  ■Ki.:.;:;  •■p.-n* 
:.:.  ;  ':.  ■••--  ■■:.  i,.:.^--.  '.••:.'.\-  iiit...  ::.-    >;  ;- ?  ,■.:■:  ::j<.-rt'd  two 

■-■:i---  ■  :  i'.:—.  f.ioiv^  •  loi.  ••■:*r.  T..-  :•■!>  i-  t'--rf"rat<'d 
::;  Tj...  iti'AV.'-  hy  a  !.  •>  ij  :!../'.-  iii  .iian^'-'-i-r.  cl'Jvd  air- 
':;;}, t  i  v  a  -:,.-t  of  iLdi;i-ru'  Vk^!.  Ti.i-  -:.•••*  i^  laerct-d  in 
th';  n.;  ;■;'•■  i  v  a  j.in.  and  thr'U^h  ri.'-  rK:i-t.  ^le  i-  passed 
ri.':  -;  h-.iV.  ••:  a  I  .liir  ]■■!"•!:•■  t.-ndiii_'  ai^an  ;u  a  small 
f'li'.i:'-!.  A  c:rc;iii,ir  tin  f'llar.  '1  iiii!.'--  iu  iiiaiU'-t.-r  and 
]  *  iii'-li  d">-|).  s'lrr'.'UUi:-  tl.^-  ])iiK-tre.  the  siia<"e  Wtweeii 
l.''i!i  i.'iiiLr  jM'ki-d  with  C'>tt'.>n-\v.>.)l  in.>i<Tf-ned  l.v  n;]_v- 
(•'•riti'-.  Tli'is  tl,'/  pi].i>'tt>^.  in  in"\inLX  up  aiul  d'lwn.  is  not 
iiidv  firmly  clasfK-d  1a  t]|.-  india-niliKr,  but  it  also  passes 
tlir<iiif,di  a -!iifnn;_'-li"X  "f  >tickv  C'lttou-W'i.il.  The  width 
'.f  the  ,'ij)r-iture  cLi>.-d  hy  the  india-rui.ht-r  secures  the 
i'ji'-  lati-ral  play  ot  the  Iiwer  end  of  the  pi]Htte.  Into 
I'.V'i  '.th'-r  snialh-r  ap'Ttures  in  the  to])  of  the  cliamber  are 
in-eit'd.  air-tiirlit.  tho  open  ends  of  two  narrow  tuheiJ, 
int'Tided   to   c  inriect   the  interior   space   with   the   atmo- 


PXTREFACTION  AXD   INFECTIO.V. 

The  tubes  are  bent  Beveral  times  up  and  down,  8©  j 
?o  intercept  and  retain  the  particles  carried  by  euoh 
eble  ctirrents  as  changM  of  temperature  might  cause  to 

Kct  in  between  the  outer  and  the  inner  air. 

The  bottom  of  the  box  is  pierced,  sometimes  with  two 

rows,  sometimes  with  a  single  row  of  apertures,  in  which 

are  fixed,  air-tight,  large  test-tul:>es,  intended  to  contain 

the  liqaid  to  be  exposed  to  the  action  of  the  nK>tele8s  air. 

Tlie  cases  have  varied  in  capacity  from   1,666   to  451 

cubic  inches. 

On    September  10   the  first   case  of  this   kind   was 

closed.  The  ptissage  of  a  concentrated  beam  across  it 
Abrongh  its  two  side  windows  then  showed  the  air  within 
Bto  be  laden  with  floating  matter.  On  the  13th  it  waa 
Ig&in  examined.  Before  the  beam  entered,  and  after  it 
Hnitted  the  case,  its  track  was  %'ivid  in  the  air,  but  within 
Bte  nise  it  ranished.  Three  days  of  quiet  sufficed  to 
^buse  all  the  floating  matter  to  be  deposited  on  the  top, 
Bd««  and  bottom,  where  it  was  retained  by  a  coating  of 
^^yoerine,  with  which  the  interior  surface  of  the  case  had 

been  purposely  varnished.  The  test-tubes  were  then 
■lied  through  the  pipette,  boiled  for  five  minutes  in  a 
HiUh  of  brine  or  oil,  and  abandoned  to  the  action  of  the 
Pbttteless  air.     During  dilution  aqueous  vapour  rose  from 

the  liquid  into  the  chamber,  where  it  wiis  for  the  most 
^ut  condensed,  the  uncondensed  portion  escaping,  at  a 
fcw  temperature,  through  the  bent  tubes  at  the  top. 
Htpke  the  brine  was  removed  little  stoppers  of  cotton- 
Hocn  were  inserted  in  the  bent  tubes,  lest  the  entrance  of 
■be  air  into  the  cooling  chamber  should  at  first  be  for- 
Hlble  enotigh  to  carry  motes  along  with  it.  As  soon, 
^■Bpvr,  as  the  ambient  temperature  was  assumed  by 
^^m  air  within   the  case   the  cotton-wool  stoppers  were 

removed. 
L      We  have  here  the  oxygen,  nitrogen,  carlionio  aoid, 
I  a 


;.  FBiavssis  or  soibkcs. 

arnruoriia,  u/^noui  vrnpour.  and  «U  the  other  g&scMitis 
vu^'-i-Tir.  -viLiL-l!!  mingle  mom  or  less  with  the  air  of  a  grcftt 
ci'v.  ^^V  have  them,  moreover,  'uaturtured'  bj  calct- 
r.at^J:l  :^:j'I  'jDcaangod  erea  hf  filtTation  or  xnanipulatioD 
vf  ariv  kia  ].  TLe  questioo  no*  Lefore  us  is,  Cao  air  thus 
n-r.ai:.i!i_'  iill  iu  gaaeaai  mixturea,  but  self-ckaosed  from 
f/i-  '.iia.'-iciillT  suipendr-'  — "-~  produce  putreiaction  in 
'/r;:.'i:jic  irif">ir«us  frael  to  its  aetioo?     To  this 

'li^t-iion  b'ltli  tbt;  aid  ^Uhle  worlds  return  a 

d'.-ci'i-'l  zj<-gative. 

AnijD;;  \e^etablei  ts  bar©  been  made  with 

Jiay,  turnip;.  tt'A,  coffe  «peated  in   various  wbjb 

witii    Ixitii  aciil  aad  fuBiOQK.     Ainou^  jyifTnal 

fciibstaric-  ar<f   to  be  tioaij  erperunentu  with 

urine ;  wbil«.-  beef,  mutton,  nare,  rabbit,  kidney,  liver, 
biwl,  pli(.-a=ant,  grou.-e,  haddock,  sole,  sahuon,  cod,  turbot, 
inwilet,  h' rrini,',  whiting,  eel,  o\'.-ter  have  been  all  subjected 
to  ex|>erim<-nt. 

Tlie  remit  is  tliat  infusi'iu?  of  these  substances  ex  potted 
to  the  coiniuon  air  of  the  Koval  Institution  laboratorv, 
maintained  at  a  temperature  of  from  GO''  to  70"  Fahr.,  all 
fell  into  putrefaction  in  tlie  coiuse  of  from  two  to  four 
days.  No  matter  where  thu  iufu>ious  were  placed,  thev 
were  infallibly  smitten  in  the  end.  The  umuber  of  the 
tubes  containing  infusions  was  mullijilied  till  it  reached 
six  hundred,  but  not  fine  of  tlufin  escaped  infection. 

In  no  single  instance,  on  the  otlier  hand,  did  the  air, 
which  iiad  Ix'en  proved  moteless  by  the  searching  beam, 
(•ven  when  raised  to  over  90',  manifest  the  least  power  of 
firoducing  Bacterial  life  or  the  associated  phenomena  of 
putn^faction.  The  power  of  developing  sucli  life  in  atmo- 
spheric air,  and  the  power  of  scattering  light,  are  thus 
proved  to  be  indissolubly  united. 

The  sole  condition  necessary  to  cause  these  long- 
dormant  infusions  to  swarm  with  active  life  is  the  access  of 
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^Be  Qoating  matter  of  the  air.     After  having  remained 

^Tbr  four  months  as  pellucid  as  distilled  water,  the  opening 

of  the  back-door  of  the  protecting  case  and  the  consequent 

admission  of  the  mote- laden  air,  sufBced  in  three  days  to 

render  the  infusions  putrid  and  full  of  life. 

I     That  such  life   arises   from   mechauically   suspended 
articles  is  thus  reduced  to  ocular  demonstration. 
Let  ua  enquire  a  little  more  closely  into  the  character 
f  the  particles  which  produce  the  life.     Pour  Eau  de 
Cologne  into  water  ;  a  white  precipitate  renders  the  liquid 
milky.     Or,  imitating  Briicke,  dissolve  clean  gum  mastic 
in  alcohol,  and  drop   it  into   water;    the  mastic  is  pre- 
^jjipitated,    and  milkiuess  produced.     If  the  solution   be 
^Bery    strong    the    mastic    separates    in  curds;    but    by 
gradually  diluting  the  alcoholic  solution  we  finally  reach 
^^  point  where  the  milkiness  disappears,  the  liquid  assum- 
^^Dg,  by  reflected  Ught,  a  bright  ceridean  Jme.     It  is,  in 
point  of  fact,  the  colour   of  the   sky,  and  is  due  to  a 
similar  cause,  namely,  the  scattering  of  light  by  particles, 
small  in  comparison  to  the  size  of  the  waves  of  light. 
"WTien  tJiis  liquid  is  examined  by  the  highest  micro- 
copic  power  it  seems  as  uniform  as  distilled  water.     The 
lastic  particles,  though  innumerable,  entirely  elude  the 
microscope.     At  right  angles  to  a  luminous  beam  passing 
among  the  particles  they   discharge   perfectly    polarised 
light.     The  optical  deportment  of  the  floating  matter  of 
the  air  proves  it  to  be  composed  in  part  of  particles  of 
this  excessively  minute  character.     When  the  track  of  a 
'parallel   beam   in   dusty   air    is   looked   at    horizontally 
tbrough  a  Nicol's  prism,  in   a  dii'ection  perpendicular  to 
Lthe  beiun,  the  longer  diagonal  of  the  prism  being  vertical, 
'  a  considerable  portion  of  the  light  from  the   finer  matter 
^^  is  extinguished.     The  coarser  motes,  on  tlie  other  hand, 
^Bflash  out  with  greater  force,   because   of  the  increased 
darkness  of  the  space  around  them.     It  is,  I  hold,  among 
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tlie  finest  ultra-microscopic  particles  tbat  the  matter 
potential  as  roj^ards  the  development  of  Bacterial  life  is 
to  be  soiiglit. 

Now  the  f'xisteoce  of  these  particlea,  foreign  to  the 
atmosiplierc  but  floating  in  it,  ia  as  certain  as  if  thevcotild 
be  felt  l)et\vi'('ii   the  tinkers  or  Been  by   the  naked  eye. 


Supposing  tlicm  to  P 
come,  not  only  within 
range  of  the  uii.iirled  » 
knowledge  of  (licm  ui 
<lefective  as  it  is  now— - 
are  germs,  p;irlide8  of 
mineral  matter.  Sup] 
be  at  hand   fiHed  witl 


magnitude  until  they 

e  Hiicrouoope,  but  within 
1  it  be  aasumed  that  our 
rcumstances  remains  as 
1  not  know  whether  they 
nic  dust,  or  particles  of 
»1  (say  a  flower-pot)  to 
a  earth,  with  which  we 


mix  our  unknown  particles;  and  that  in  forty-eight  hours 
subsequently  buds  and  blades  of  well-defined  cresses  and 
grasses  ajijK'ar  above  the  soil.  Suppose  the  experiment 
when  repeated  over  and  over  again  to  yield  the  same  un- 
varying residt.  \Vliat  would  be  oiu"  conclusion  ?  Sliould 
we  regard  tliose  living  plants  as  the  products  of  dead  dust 
or  mineral  particles,  or  should  we  regard  them  a5  the  off- 
spring of  living  seeds  ?  The  reply  is  \mavoidable.  NVe 
should  undoubtedly  consider  the  experiment  witli  tlie 
flower- pot  as  clearing  up  our  pre-existing  ignorance  ;  we 
should  regard  the  fact  of  their  producing  cresses  and 
grasses  as  ])roof  positive  that  tlio  jiarticles  sown  in  the 
eartli  of  the  pot  were  the  seeds  of  tlie  plants  which  have 
grown  from  them.  It  would  be  simply  monstrous  to 
conclude  that  (hey  had  been  '  spontaneously  generated.' 

This  reiisoning  applies  word  for  word  to  the  develop- 
ment of  B<icf('.vi<(.  from  that  floating  matter  whicli  the 
electric  beam  reveals  in  the  air,  and  in  the  absence  of 
which  no  Hacterial  life  has  been  generated.  There  seems 
no  flaw  in  this  reasoning;  and  it  is  so  simple  as  to  render 
it  unlikely  that  the   notion  of  Buct€rial   life  developed 
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om  dead  dust  can  ever  gain  currency  among  the  members 

a  j^eat  scientific  profession. 

A  novel  mode  of  experiment  has  been  here  pursued, 

mnd   it  may  be  urged  that  the  conditions  laid  down  by 

Hpther  investigators  in  this  field,  which  have  led  to  different 

^ftp^t«,  have  not   been  strictly   adhered   to.     To  secure 

^^PKracy  in  relation  to  this  point,  I  will  quote  the  latest 

words  of  a  writer  on  this  question,  who  has  materially 

influenced  medical  thought  both  in  this  country  and  in 

I  America.  '  We  know,'  he  says,  '  that  boiled  turnip-  or  hay- 
l^fusiond  exposed  to  ordinary  air,  exposed  to  filtered  air, 
|o  calcined  air,  or  shut  off  altogether  from  contact  with 
lir,  are  more  or  less  prone  to  awarm  with  Bacteria  and 
■ibriones  in  the  course  of  from  two  to  six  days.'  Who  the 
•we'  are  who  possess  this  knowledge  is  not  stated.  I 
^Aartainly  am  not  among  the  number,  though  I  have  sought 
Hpnxiously  for  knowledge  of  the  kind.  The  statements 
were  thus  tested  in  succession. 

And    first,  with  regard  to   filtered  air.     A  group  of 

^elve    large    test-tubes   was   caused    to   pass    air-tight 

tirough    a  slab  of  wood.     The   wood  was   coated   with 

it,  in  which,  while  hot,  a  heated  '  propagating  glass ' 

ibling  a   large    l»ell-jar    was    imbedded.      The   air 

ithin  the  jar  was  pumped  out  several  times,  air  filtered 

tirough  a  plug  of  cotton-wool  being  permitted  to  supply 

place.     The  test-tubes   contained   infusions   of  liay, 

iimip,  l)eef,  and  mutton — three  of  each — twelve  in  all. 

pr  mouths  of  exposure  they  are  as  dear  and  cloudless 

ay  as  they  were  upon  the  day  of  their  introduction  ; 

twelve  similar  tubes,  prepared  at  the  same  time,  in 

cisely  the  same  way,  and  exposed  to  the  ordinary  air, 

"are  clogged  witli  mycelium,  mould,  and  Bacteria. 

With  regard  to  the  calcined  air,  a  similar  propagating 
glass  was  caused  to  cover  twelve  other  tubes  filled  with 
the  B*me  infusions.    The  'glass '  was  exhausted  and  care- 
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fully  filled  with  air,  which  had  been  slowly  passed  through 
a  red-hot  plat  i  num  tube,  contaimng  a  roll  of  red-hot  plati- 
num o-auze.  T</:5ted  hy  the  searchmg'  beam,  the  calcined 
air  was  found  ■  i  iiite  free  from  floa'tiog  matter.  Not  &  speck 
lia?  in'.aded  the  Limpidity  of  the  infiisioiig  exposed  to  it, 
while  twelve  s-imilar  tubes  placed  outside  have  fallen  into 
rotteniie-5. 

Tije  experi  mcnfcs  t  air  took  another  form. 

.Six  year-   a^n  I  fouod  nder  the  laboratory  air 

free  fn  im  float  in^  maf  ttly  aeoeseary  to  permit 

a  platinum  win?  heatec  pFto  act  upon  it  for  a 

sufficient  time.     Shad'  bg  pear  juice,  damson 

juice,  infusions  of  hayi  ind  water  of  yeast,  were 

freed  fr..m  their  flottti  D  this  way.     The  infu- 

sions Were  puliseijuently  tmilefl  and  permitt^  to  remain 
in  contact  with  the  calcined  air.  They  are  quite  clear  to 
the  prp^t-nt  hour,  while  the  same  infnsions  exposed  to 
Common  air  Ix'came  mouldy  and  rotten  long  atro. 

It  ha-  lieen  affirmed  by  other  writers  on  this  question 
that  turnii>-  and  hay-infusions  rendered  slightly  alkaline 
are  particularly  prone  to  exhibit  the  phenomena  of  spon- 
taneous generation.  This  was  not  found  to  be  the  case 
in  the  pre-ent  investigation.  Many  such  infusions  have 
Ixi-en  prepared,  and  they  have  continued  for  months  with- 
out seusihle  alteration. 

Finally,  with  regard  to  infusion?  wholly  withdrawn 
from  air,  a  group  of  test-tubes,  containing  different  infu- 
sions, was  bdiled  under  a  bell-jar  first  filled  with  filtered 
air,  and  from  which  the  air  was  subsequently  removed  as 
far  as  possible  by  a  good  air-pump.  They  are  now  as 
pellucid  as  they  were  at  the  time  of  their  preparation 
more  than  three  months  ago.  while  a  group  of  correspond- 
ing tubes  exposed  to  the  laboratory  air  have  all  fallen 
into  rottenness. 

Tliere  is  still  another  form  of  experiment  on   which 
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r&t  weight  has  been  laid — that  of  liermetically  sealed 

tubes.     On  April  6  last,  a  discussion  on  tlie '  Germ  Theory 

Disease '  was  opened  before  the  Pathological  Society  of 

indon.     The   meeting  was   attended   by  many  distin- 

Igiiished    medical   men,  some  of  whom  were  profoundly 

afluenced  by  the  arguments,  and  none  of  whom  disputed 

facts  brought  forward  against  the  theory  on  that  occa- 

uon.     The   following   important    summary  of  these  was 

^eo  given  by  Dr.  Bastian  :  '  With  the  \'iew  of  settling 

questions,  therefore,  we  may  carefully  prepare  an 

nfi'ision  from  some  animal  tissue,  be  it  muscle,  kidney,  or 

liver ;  we  nnay  place  it  in  a  flask  whose  neck  is  drawn  out 

ad  narrowed  in  the  blowpipe-flame,  we  may   boil  the 

luid,  seal  the  vessel  diuing  ebullition,  and,  keeping  it  in 

warm  place,  may  await  the  result,  as  I  have  often  done. 

Ifter  a  variable  time,  the  previously  heated  fluid  within 

ite  hermetically  sealed  flask  swarms  more  or  less  plenti- 

'fully  with  Bacteria  and  allied  organisms.' 

Previous  to  reading  this  statement,  I  had  operated 
upon  sixteen  tubes  of  hay-  and  tiumip-infusions,  and  upon 
■twenty-one  tulies  of  beef,  mackerel,  eel,  oyster,  oatmeal, 
^■nalt,  and  potato,  hermetically  sealed  while  boiling,  not  by 
^Kie  blowpipe,  but  by  the  far  more  handy  spirit-lamp  flame. 
In  no  case  was  any  appearance  whatever  of  Bacteria  or 
allied  organisms  observed.     The  perusal  of  the  discussion 
just  referred  to  caused  me  to  turn  again  to  muscle,  liver, 
and  kidney,  with  a  view  of  varying  and  multiplying  the 
ridenoc.     Fowl,  pheasant,  snipe,  part-ridge,  plover,  wild- 
puck,   licef,  mutton,  heart,  tongue,  lungs,  brains,  sweet- 
ad.  tripe,  the  crystalline  lens,  Wtreous  humour,  herring, 
Idock,  mullet,  codfish,  sole,  were  all  embraced  in  the 
Kperiments.     There  was  neither  mistake  nor  ambiguity 
aut  the  result.    On  January  13  one  hundred  and  thirty- 
kine  of  the  flasks  operated  on  were  submitted  to  the  Fellows 
the  Royal  Society,  and  not  one  of  this  cloud  of  witnesses 
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offered  the  least  countenance  to  tbe  assertion  tbat  liquiils 
within  fiaskw,  boiled  and  hermetically  sealed,  swarm,  sub- 
sequently, more  or  less  plentifully  with  Bacteria  and 
allied  organisms. 

Tbe  evidence  furnished  by  this  mass  of  experiments, 
that  Dr.  liastiaa  must  have  permitted  errors  either  of 
preparation  or  observation  to  inviwle  bis  work,  is,  I  suli- 
mit,  very  strong.  But  to  err  is  human ;  and  in  an  en- 
quiry so  difficult  and  fraught  with  such  momentous  issues, 
it  is  not  error,  but  the  persistence  in  error  by  any  of  tu 
for  dialectic  ends,  that  is  to  be  deprecated.  Let  me  here 
show  by  one  or  two  illustrations  tlie  risks  of  error  to 
which  I  have  been  exposed.  On  October  21  I  opened 
the  back-door  of  a  case  containing  six  test-tubes  filled 
with  an  infusion  of  turnip  which  had  remained  perfectly 
clear  for  three  weeks,  while  three  days  sufficed  to  crowd 
six  simihir  tubes  exposed  to  mote-laden  air  with  Bactei^ia. 
With  a  small  pipette  I  took  specimens  from  the  pellucid 
tubes,  and  placed  them  under  the  microscope.  The  first 
tube  examined  showed  no  signs  of  life.  Ttiis  was  the  re- 
sult expected,  but  1  was  by  no  means  prejmred  for  the  de- 
portment of  tbe  second  tube.  Here  the  exhibition  of  life 
was  monstrously  copious.  There  were  numerous  globular 
organisms,  which  revcvlved,  rotated,  and  quivered  in  the 
most  extraordinary  manner.  There  were  also  numbers  of 
lively  Bacteria  darting  to  and  fro.  An  experimenter  who 
ponders  his  work  and  reaches  his  conclitsii)US  slowly,  can- 
not immediately  relinquish  them  ;  and  in  tlie  present  in- 
stance some  time  was  required  to  convince  me  that  I  hi 
made  no  mistake.  I  could  find  none,  and  was  prepared  to 
accept  the  conclusion  tliat  in  the  boiled  infusion,  despite 
its  clearness,  life  had  appeared. 

But  in  a  protected  tumip-uifusion,  which  had  l)eea 
examined  on  October  13,  no  trace  of  life  could  l)e  found. 
Ill  this  citse  perfect  transparency  was  accompanied  by  aa 
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utter  abaence  of  life.  Indeed  the  selfsame  action  upon 
light  that  enabled  the  Bacteria  to  show  themselves  in 
the  microscope  must,  one  would  think,  infallibly  pro- 
duce turbidity.  Why,  moreover,  should  life  be  absent 
from  the  lirst  member  of  the  present  group  of  tubes  ?  I 
searched  this  ayain,  and  found  in  it  scanty  but  certain 
signs  of  life.  This  augmented  my  perplexity.  A  third 
.'tube  also  showed  scanty  traces  of  life.  Reverting  to  the 
second  tube,  where  life  had  been  so  copious,  I  found 
that  in  it' the  organisms  had  become  as  scanty  as  in  the 
-  otheni.  I  coniined  myself  for  a  time  to  the  three  tubes  of 
the  tirst  row  of  the  six,  going  over  them  again  and  again; 
sometimes  finding  an  organism  here  and  there,  but  some- 
times finding  nothing.  The  tirst  extraordinary  exhibition 
of  life  it  was  found  impossible  to  restore.  In  my  diflS- 
culty  I  took  specimens  from  the  three  tubes  and  sent 
them  to  Professor  Huxley,  with  a  request  that  he  would 
be  good  enough  to  examine  them. 

On  the  22nd  my  search  was  extended  to  the  whole  of 
the  tubes.  Early  iu  the  day  lively  Bacteria  were  found  in 
one  of  them  ;  later  on,  not  one  of  the  six  yielded  to  my 
closest  scrutiny  any  trace  of  life.  On  tiie  evening  of  the 
22Dd  I  received  a  note  from  Mr.  Huxley  stating  that  a 
careful  examination  of  the  specimens  sent  to  him  revealed 
no  living  thing. 

Pipettes  had  been  employed  to  remove  the  solution 
from  the  test-tubes.  They  were  short  pieces  of  narrow 
glass  tubing,  drawn  out  to  a  point,  with  a  few  inches  of 
india-rubber  tubing  attached  to  them.  This  was  found 
convenient  for  l>ending  so  as  to  reach  the  bottom  of  the 
test-tubes.  Suspicion  fell  upon  this  india-rubber.  I 
washed  it,  and  examined  the  washing-water,  but  found  no 
life.  Distilled  water  had  been  used  to  cleanse  the 
pipettes,  and  on  the  moniing  of  the  23rd  I  entered  the 
laboratory,  intending  to  examine  it.     Before  dipping  the 
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pipette  into  tlie  water  I  looked  at  it-s  point.  Tlie  tiniort 
drop  had  rtTnaiued  in  it  by  capillary  atti-action  from  the 
preceding  daj.  This  I  blew  on  to  a  slide,  covered  it,  and 
placed  it  under  the  microscope.  An  astonishing  exhibit 
tion  of  lifi'  was  my  reward.  Thus  on  the  sceut,  I  looked 
thron<;;h  jny  pipettes,  and  fomid  two  more  with  tlie 
s-inallest    n/sidual    d  t    ends ;    both    of    llicro 

yielded  a  fit  Id   ram  'e.     The  Bacteria  Hiirtwi 

in  straight  lines  to  ai  ling  right  and  left  nlotijj 

the  line  of  nintion,  w  ating  longitudinally,  and 

ppinninf,'   nmnd  a  Te  verse  axis.     Monads  alag 

f^alloped  and  qniverw  the  field.     From  onefll 

tliese  tiny  npccks  of  1  lined  an  exiiibition  of  liife 

not  to  be  dir^tin<,Tiish>  lat  which   had  astonished 

nie  on  the  21  jit. 

()l)vioHi-l y  the  plienonienon  tlien  observed  was  due  to 
tlie  employment  of  an  tmclean  pipette,  Eqnally  oljviciiia 
is  it  that  in  enquiries  of  this  nature  the  experimenter  is 
beset  witli  danr;;er,  the  i,'roesest  errors  being  possible  when 
there  is  tlie  least  lack  of  care. 

Ajjiiin,  three  tidies,  cnnt,T.inin(^infnsionp  of  turnip,  hay, 
and  innttmi,  were  builcd  on  Xovemlter  2,  nnder  a  bell-jar 
eontainine^  air  sm  carefully  filtered  t  hilt  the  mort  searching 
exaininatirtu  by  a  concentrated  beam  failed  to  reveal  a 
particle  of  floatinj,''  matter.  At  the  present  time  every 
one  of  the  tubes  is  thick  with  mycelium  and  covered  with 
monld.  Here  surely  we  have  a  case  of  spontaneous  gene- 
ration.    Let  us  look  to  its  history. 

After  the  air  has  been  expelled  from  a  boiling  liquid 
it  is  difficult  to  continue  the  ebullition  without  '  bum]>- 
ing.'  The  liquid  remains  still  for  intervals  and  then  rises 
with  sudden  energy.  It  did  so  in  the  case  now  under 
consideration,  and  one  of  the  tubes  boiled  over,  the  liquid 
overspreading  the  resinous  surface  in  which  the  bell-jar 
was   imbedded.     For  three  weeks  the  infusions   had  re- 
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id  perfectly  clear.  At  the  end  of  this  time,  with  a 
|>f  renewing  the  air  of  the  jar,  it  was  exhausted,  and 
id  by  fresh  air  which  bad  passed  through  a  plug  of 
•wool.  As  the  air  entered,  two  small  spots  of  peni- 
I,  resting  on  the  liquid  which  had  boiled  over,  at- 
id  attention.  I  at  ouce  remarked  that  the  erperiment 
dangerous  one,  as  the  entering  air  would  probably 
I  some  of  the  spores  of  the  penicillium  and  ditfuse 
in  the  bell-jar.  This  was,  therefore,  filled  very 
',  80  as  to  render  the  disturbance  a  minimum.  Next 
lowever,  a  tuft  of  mycelium  was  observed  at  the 
a  of  one  of  the  three  tuVies,  namely  that  containing 
y-infusion.  It  has  by  this  time  grown  so  as  to  fill 
i  portion  of  the  tube.  For  nearly  a  month  longer 
o  tubes  containing  the  turnip-  and  mutton-infusions 
ned  their  transparency  unimpaired.  Late  in  De- 
the  muttxin-infusion,  which  was  in  dangerous 
ity  to  the  outer  mould,  showed  a  tuft  upon  its 
.  The  turnip-infusion  continued  bright  and  clear 
early  a  fortnight  longer.  The  recent  cold  weather 
i  me  to  add  a  third  gas-stove  to  the  two  which  had 
>a8ly  warmed  the  room  in  which  the  experiments  are 
iKted.  The  warmth  played  upon  one  side  of  the 
r,  causing  current*  within  it;  and  the  day  after  the 
ag  of  the  stove,  the  turnip-infusion  gave  birth  to  a 
f  myoelitim.  In  this  case  the  small  spots  of  peni- 
might  have  readily  escaped  attention ;  and  had 
lone  so,  we  should  have  had  three  cases  of  '  spon- 
M  generation  *  far  more  striking  than  many  that 
been  adduced. 

further  illustration  of  the  danger  inciu-red  in  this 
it  enquiry,  I  may  refer  to  the  excellent  paper  of  Dr. 
is  on  Biogenesis,  in  the  '  Pliilosophical  Transactions 
74.'  Dr.  Roberts  fills  the  bulb  of  an  ordinary 
e  up  to  about  two-tbirds  of  its  capacity  with  tbe 
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infusion  to  be  esamined.     In  the  iieck  of  the  pipetta  bt] 
places  a  pIuL,' of  dry  cotton-wool.     He  then  hermeticalJy  1 
seals  the  neck,  and  dips  the  bulb  into  boiling  wat*!r,  of  I* 
hot  oil,  where  he  pennita  it  to  remain   for  the  requisite  I ' 
time.     Ileri.*  we  have  no  disturbance  from  ebuUitiou,  and  I" 


The  bulb  is  removed  from  the 
The  sealed  end  of  the 
D-wool  alone  interpodng 
lospbere, 

jI,  but  it  has  one  weak 
enns  is  not  to  be  found, 
berta  infallibly  coutaiued 
of  the  air  to  and  fro,  at 
any  shock,  jar,  or  motion 


no  loss  by  I'vajioration. 
hot  water  and  permi 
neck  is  then   filed  < 
between  the  iufusion 

The  arrangt^'inent 
point.  Coltou-wool  fi 
and  the  plui,'  employ* 
them.  In  tlie  gf?ntle 
the  temperature  chan 
to  which  the  pipette  miffht  be  sulijected,  we  have  cer- 
tainly a  cause  yufiicifut  to  ik'tacli  a  germ  now  and  then 
from  the  (;otton-wO(jl  wliifli,  fiilliu'j  into  the  infusion, 
would  produce  its  eifeet.  Probaljly  also  condensation  oc- 
curred at  times  in  tlie  neek  of  the  pipette,  tlio  water  of 
condensation  ciLrryiufj  liaek  from  tlie  eottun-uoul  the  seeds 
of  life.  Tlie  fact  of  fertili.-iutiou  lieiujj  so  rare,  iis  Dr. 
lioberts  found  it  to  be,  is  a  proof  of  the  care  with  which 
his  ex])erinK'uts  were  conducted.  Hut  he  ilid  find  cases  of 
fertilisation  after  prolonjjed  exposure  to  tlie  boiling  tem- 
perature ;  and  this  cjiused  him  to  come  to  the  cooclusion 
that  under  certain  rare  conditions  bpunliiueaits  generation 
may  occur.  He  also  finind  tliat  an  alkaliscd  liay-infusion 
was  so  difficult  to  sterilise  tliat  it  was  capable  of  with- 
standing the  boiliug  tempeiatur(!  for  hours  witliout  losing 
its  power  of  generating  life.  Careful  experiments  have 
been  made  with  this  infusion.  Dr.  Koberts  is  certainly 
correct  in  assigning  to  it  superior  nutritive  power.  But 
in  the  present  enquiry  five  minutes'  boiliug  sufficed  to 
completely  sterilise  the  liquid. 

1  siiall  hardly  be  charged  with  any  desire  to  limit  the 
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er  and  potency  of  matter  in  regard  to  life.  On  this 
nt  I  have  akeady  expressed  myself  in  a  manner  not  to 
mistaken.  But,  holding  the  notions  I  do,  it  is  all 
more  incumbent  on  me  to  affirm  that,  as  far  as  en- 
•y  has  hitherto  penetrated,  life  has  never  been  proved 
appear  independently  of  antecedent  life. 
With  regard  to  the  general  diffusion  of  germs  in  the 
osphere,  the  notions  entertained  by  distinguished 
ters  rendered  it  desirablo  to  place  the  point  beyond 
ion.  At  Down,  Mr.  Darwin  and  Mr.  Francis  Darwin; 
igh  Elms,  Sir  John  Lubbock ;  at  Sherwood,  near  Tun- 
idge  Wells,  Mr.  Siemens ;  at  Pembroke  Lodge,  Kich- 
nd  Park,  Mr.  Rollo  Russell ;  at  Heathtield  Park,  .Miss 
ilton  ;  at  Greenwich  Hospital,  Mr.  Hirst ;  at  Kew,  Dr. 
ooker  ;  and  at  the  Crystal  Palace,  Mr.  Price  kindly  took 
i  charge  of  infusions,  every  one  of  which  was  invadeil,  many 
I  "by  astounding  swarms  of  organisms. 

To  obtain  more  definite  insight  regarding  the  diffusion 

of  atmospheric  germs  a  square  wooden  tray  was  pierced  with 

100  holes,  into  each  of  which  was  dropped  a  short  test-tube. 

On   October  23  thirty  of  these  tubes  were  filled  with  an 

^bfiision  of  hay,  thirty-five  with  an  infusion  of  turnip,  and 

^roirty-five  with  an  infusion  of  beef.   The  tubes,  with  their 

infusions,  had  been  previously  Iwiled,  ten  at  a  time,  in  an 

oil-bath.   One  hundred  circles  were  marked  on  paper,  so  as 

[   to  form  a  map  of  the  tray,  and  every  day  the  state  of  each 

tube  was  registered  upon  the  corresponding  circle.    In  the 

following  description  the  term  '  cloudy  '  is  used  to  denote 

the  first  stage  of  turbidity,  distinct  but  not  strong;  the 

rm  'muddy'  is  used  to  denote  tliick  turbidity. 

One  tube  of  the  Inmdred  was  first  singled  out  and  ren- 

fered  muddy.    It  belonged  to  the  beef-group,  and  it  was  a 

whole  day  in  advance  of  all  the  other  tubes.    The  progress 

of  putrefaction  was  first  registered  on  October  26.     The 

ap  '  then  taken  may  be  thus  described  : 
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Hay. — Of  t!ie    tliirtj   specimens   exptiged    one 
become  '  inuiidy  ' — ^tbo  seventh  in  the  middle  row  reckofl- 
ing  from  th('  wide  of  the  tray  nearest  a  stove.     Six  tiiW 
remiiined  jit-rfettly  clear  between  this  muddy  one  and  Uk 
stove,  provtii;,'  that  differenees  of  warmth  may  l)e  ovi 
ridden  by  ntlier  causes.     Every  one  of  the   other  tul 

contaiuin^'  iln'  bay-:"'""* '^-wed  spots  of  mould  upoe 

the  clear  liijiiiiL 

Turuiji. — Four 
muddy,  two  <pf  tha 
four   rows   distfint,   ; 
away.      Jtesides    thei 
There  was  no  mould 

Beef. — (hio  tube 


rty-flve  tubes  were  v«ij 
le  row  nesrt  the  stove,  o» 
anainiug  one  seven  toot 
les  hsid  become  clouded 
he  tubes. 

ty-five  was  quite  mtiddj, 
iu  the  seventh  row  Irom  me  stove.  There  were  thrt* 
cloudy  tuben,  while  i^e\eu  of  them  boru  tjiuts  of  mould. 

As  a  gi'ueiLd  ride,  organic  iufiisioti:;  exposed  to  the  ait 
nuring  the  autimin  reniaiued  for  two  days  or  mote 
])erfectly  clear.  l>oiib(lr>s  from  the  first  germs  fell  into 
them,  but  tliey  required  time  to  he  hatched,  ThiS  period 
of  clearness  may  be  culled  the  '  period  of  lateucy,'  and 
indeed  it  esacily  corresponds  witli  what  is  understood  hj 
this  term  in  mediciue.  Tow:irds  the  end  of  the  period  of 
latency  the  fall  into  a  stale  of  disease  is  comparativelv 
sudden;  the  infusion  passing  from  perfect  clearness  tu 
cloudiness  more  or  less  dense  in  a  few  hours. 

Thus  the  tidie  filaced  iu  .Mr.  Darwin's  possession  was 
clear  at  8.31)  a.m.  nn  (ktLdier  It),  and  elDody  at  4.3tl  r.si, 
Seven  hours,  moreover,  after  tht;  first  record  uf  our  tray  ] 
of  tubes,  a  marked  change  had  occurred.  Instead  of  one, 
eight  of  the  tubes  containing  hay-infusion  liad  fallen  into 
uniform  muddiness.  Twenty  others  had  produced  Bac- 
terial slime,  which  had  sunk  to  the  bottom,  every  tube 
containing  the  slime  being  covered  by  mould.  Three 
tubes  only  remained  clear,  but  with  mould  upon  their 
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The  muddy  turnip-tubes  bad  increased  from 
to  ten ;  seven  tubes  were  clouded,  while  eighteen  of 
thrm  remained  clear,  with  here  and  there  a  speck  of 
iDotUd  on  the  surface.  Of  the  beef,  six  were  cloudy  and 
thickly  muddy,  while  spots  of  mould  had  formed  in 
majority  of  the  remaining  tubes.  Fifteen  hours  sub- 
sequent to  this  observation,  viz.  on  the  morning  of 
■r  27,  all  the  tubes  containing  hay-infusion  were 
Li^.uvD,  though  in  diflferent  degrees,  some  of  them  being 
Phnch  more  turbid  than  others.  Of  the  turnip-tubes, 
three  only  remained  unsmitten,  and  two  of  these  had 
mould  upon  their  surfaces.  Only  one  of  the  thirty-five 
beef-infusion  remained  intact.  A  change  of  occupancy, 
moreover,  bad  occurred  in  the  tube  which  first  gave  way. 
lU  mnddinesa  remained  grey  for  a  day  and  a  half,  then  it 
to  bright  yellow  green,  and  it  maintained  this 
to  the  end.  On  the  27th  every  tube  of  the  huu- 
was  smitten,  the  majority  with  imiform  turbidity ; 
however,  with  mould  above  and  slime  below,  the 
ediate  liquid  being  tolerably  clear.  The  whole 
bore  a  striking  resemblance  to  the  propagation  of 
F|»bigueamonga  population,  the  attacks  being  successive, 
•ad  of  different  degrees  of  viridence. 

From  the  irregular  manner  in  which  the  tubes  are 
ted   we   may   infer   that,   as   regards  quantity,  the 
ibution  of  the  germs  in  the  air  is  not  uniform.     The 
angling  out,  moreover,  of  one  tube  of  the  hundred  by 
the  particular  Bacteria  that  develop  a  green  pigment, 
Dws  that,  as  regards  quality,  the  distribution  is  not 
brm.     The  same  absence  of  uniformity  was  manifested 
In  the  struggle  for  existence  between  the  Bactena  and 
the  penjcillium.     In   some   tubes   the  former   were  tri- 
umphant ;  in  other  tubes,  of  the  same  infusion,  the  latter 
was  triumphant.     It   would  seem  also  as  if  a  want  of 
uaifunaity  as  regards  vitvd  vigour  prevailed.     With  the 
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nolfiMae  iufWioa  iha  notioiM  of  the  BacUn-in  in 
UImmj  Wwo  «9M««dii«H  kngmd,  while  in  other  tubes  tb^ 
rowtml'lwl  R  rain  of  projectiks,  being  so  rapid  and  violertl 
M  t..  kio   tV.llowed  with  difficulty  by  the   eye.      Eeaecua{l 
iiU  UiM  whole  of  thia,  I  condode  that  the   germs  floift| 
lUnjU4(h  tho  Ktmocphere  in  groaps  or  doaos,  with  spac«| 
'"'"*'  "JwnMoly  filled  between  them.     The  touching  of 
iHi^MUvu    fluid    by   a    Bacterial   cloud    would    naturaH 
B4»<ii  H  (UtTt»ivnt  effect  firom  the  touching  of  it   by 
l«Uvr»yi»voe  between  two  clouds.     But  as,  in  the  case  of  | 
(wiitnuil  dky,  the  ^-arious  portions  of  the  landscape 
»UtHn.i.kilvt>ly   \'i8ited  by  shade,  so,  in  tlie  long    nm,   we 
ll«w  vi*rli»u«  tubes  of  the  tray  touched  by  the    Bacter 
wmiiU,    tho    final   fertilisation   or   infection  of  them 
Itfiliig  tin:  consequence.     These  results  connect  themself 
WHh  l|>»i  »«mt'riments  of  Pasteur  on  the  non-continuity  ( 
>'u(iH«>  of  so-called  spontaneous  generation,  and  witi 
«'M»«M  oxj>criments  of  my  own.« 

viu  November  9  a  second  tray,  containing  1 00  tub 
♦""I    with    an    infusion   of   mutton,   was    exposed 
*•'«  Rlr.     On  the  morning  of  the   11th  six    of    the 
luuttnut  the  stove  had  given  way  to  putrefaction.      Thr 
Pi    th«   row  most  distant  from   the   stove   had    yield 
* "'"    '>«*i«'    and  there    over   the   tray    particular    tul 
**"'"  ■•••Kled  o\»t  and  Braitten  by  the  infection.      Of  th 
*•'"'"    'J'tty  of    100    tubes,   twenty-seven     were     eithfl 

1^^    »n  hnnpitjil  pniFtice  the  openinj?  of  s  wonnd  durin;  the  pAMa««  of] 

I    ,,  '"lond  would  have  an  eflfert  Tory  different  from  the  opening  off 

"'  ""»f»pnco  between  two  clouds.     Certain  cnpripoa  in  the  behAT 
Mri)*«,Hl  Wound*  may  possibly  be  aceounted  for  in  this  way. 

ndor  the  hiiuling  •  Nothing  New  under  the  Sun,"  Professor  Huxley  1 

,1  0   aunt  nii^  the  following  remarkable  extrart : — ■  Uebrigens  knnn  man  i 

J      lu  U»r  .\tmoisphare  nchwimmenden  Thierchen  wie  WoUen  denken,  u 

"  K^ni  Icere  Luftmosaen,  ja  gauze  Tage  vollig  reinen  Luflrerballnii 

**«»urln.'     (Khrenbor:;,  '  Infu.-iona  Thierchen.'  1838,  p.  525.)     Th©  coin^ 

"'•  of  phnueology  is  Burprinng,  for  I  knew  nothing  of  Ehrenberg'a  . 
"f*''*.     My  '  clouds,'  however,  are  but  smiiU  miniatures  of  hi«. 
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addy  or  cloudy  on  tlie  11th.  Thus,  doubtless,  in  acon- 
ious  atmosphere,  are  individuals  Buccefssively  struck 
On  tbe  1 2th  all  tlie  tuljes  had  given  way,  but  the 
Ifference*  in  their  contents  were  extraordinary.  All  of 
bem  contained  Bactena,  some  few,  others  in  swarms. 
some  tubes  tliey  were  i-low  and  sickly  in  their  motions, 
some  apparently  dead,  while  in  others  they  darted 
Dut  with  rampant  vignur.  These  differences  are  to  be 
ferred  to  ditferences  in  the  germinal  matter,  for  the 
ae  infusion  was  presented  everysvhere  to  the  air.  Here 
also  we  hare  a  picture  of  what  occurs  during  an  epidemic, 
the  difference  in  number  and  energy  of  the  Racterialj 
twanit^  resembling  the  varying  intensity  of  the  disease. 
It  becomes  obvious  from  these  experiments  that  of  two 
Bdividuals  of  the  same  population,  exposed  to  a  conta- 
Jioiis  atmosphere,  the  one  may  be  severely,  the  other 
itly  attacked,  though  the  two  individuals  may  be  as 
lentical  as  regards  susceptibility  as  two  samples  of  one 
Bd  the  same  mutton-infusion.  Experiments  with  other 
ays  are  debcribcd  in  the  full  account  of  this  investigation, 
Bd  calculations  are  made  which  prove  tbe  error  of  the 
ertiou  that  the  germs  are  but  scantily  distributed 
jh  the  air.  There  are  billions  of  them  in  every 
iinary  London  room. 
The  pivrallelism  of  these  actions  with  the  progress  of 
lifectious  disease  may  be  traced  still  further.  The 
rimes'  of  January  17  contained  a  letter  on  typhoid 
ver,  signed  '  M.D.,'  in  which  occurred  the  following 
tbie  statement :  '  In  one  part  of  it  [Edinburgli], 
ed  together  and  inhabited  by  the  lowest  of  the 
Dpulation,  there  are,  according  to  the  Corporation  return 
»r  1874,  no  less  than  14,319  houses  or  dwellings — many 
idcr  one  roof,  on  the  'flat'  system — in  which  there 
no  house  connections  whatever  with  the  street  sewers, 
id,  conceimently,  no  water-closets.     To  this  day,  theie- 
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fore,  all  the  excrementitiouB  and  otber  refuse  of  the  in- 
habitants is  collected  in  paila  or  pans,  and  remains  inthi 
midst,  generally  in  a  partitioned-ofif  comer  of  the  livin, 
room,  until  the  next  day,  when  it  is  taken  down   to  tl 
streets  and  emptied  into  the  Corporation  carts.     Drunk 
and  vicious  though  the  population  be,  herded  to<;ether 
like  sheep,  and  with  the  filth  collected  and  kept  for  twenty- 
four  hours  in  their  very  midst,  it  is  a  remarkable  fact  tbat 
typhoid  fever  and    diphtheria   are    simply   unkLown  in 
these  wretched  hovels.' 

This  case  has  its  analogue  in  the  following  expert 
ment,  which  is  representative  of  a  class :  On  November 
30  a  quantity  of  animal  refuse,  embracing  beel 
fish,  rabbit,  hare,  was  placed  in  two  large  test-tu' 
opening  into  a  protecting-chamber  containing  six  tul 
On  December  13,  when  the  refuse  was  in  a  state  01 
noisfime  putrefaction,  infusions  of  whiting,  turnip,  beef, 
and  mutton  were  placed  in  the  other  four  tubes.  They 
kWere  boih^d  and  abandoned  to  the  action  of  the  foid  '  sewer- 
jgas'  emitted  by  their  two  putrid  companions.  On 
I  Christmas-day  these  four  infusions  were  liiupid.  The 
end  of  the  pipette  was  tlien  dipped  into  one  of  the  putrid 
tubes,  and  a  quantity  of  matter,  comparable  in  smallness 
to  the  pock-lymph,  held  on  the  point  of  a  lancet,  was 
transferred  to  the  turnip.  Its  clearness  was  not  sensibly 
affected  at  the  time ;  but  on  the  following  day  it  was 
turbid  throughout.  On  tlie  27th  a  speck  from  the  in-  i 
fected  turnip  was  transferred  to  the  wliiting;  on  tb^H 
28th  disease  had  taken  entire  possession  of  the  whiting." 
To  the  present  hour  the  beef-  and  mutton -tubes  remain  SA 
limpid  as  distilled  water.  Just  as  in  the  case  of  tl 
living  men  and  women  in  E<linburgh,  no  amount 
fetid  gas  had  the  power  of  propagating  the  plague  as  lo: 
as  the  organisms  which  constitute  the  true  contagium  di 
not  gain  access  to  the  infusions. 


i» 


PUTREFACTIOy  AXD   INFECTIOX. 


[IM 


1     the 
I     red 


The  universal  prevalence  of  the  germinal  matter  of 

liicteria  in  water  has  been  demonstrated  with  the  utmost 

evidence  by  the  experiments  of  Dr.  Biurdon  Sanderson. 

But  the  germs  in  water  are  in  a  very  different  condition, 

regards  readiness  for  development,  from  those  in  air. 

In  wat«r  they  are   thorouffhly   wetted,  iind  ready,  under 

the  proper  conditions,  to  pass   rapidly  into  the  fiuished 

rganism.     In  air  they  are  more  or  less  desiccated,  and 

*re<|uire  a  period  of  preparation  more  or  less  lon^  to  bring 

Kicra  up  to  the  starting-point  of  the  water-germs.     The 
ipidity  of  development  in  an  infusion  infected  by  either 
speck  of  liquid  containing  Bacteria  or  a  drop  of  water 
extraordinary.      On    January   4    a    thread   of    glass 
almost  as  fine  as  a  hair  was  dipped  into  a  cloudy  turnip- 
infusion,  and  the  tip  only  of  the  glass  tibre  was  introduced 
into  a  large  test-tube  containing  an  infusion  of  red  mullet. 
Twelve  hours  subsequently  the  perfectly  pt-llucid  liquid 
was  cloudy  throughout.     A  second  test-tube  containing 
■^be  same  infusion  was  infected  with  a  single  drop  of  the 
pBiistilled  water  furnished  by  Messrs.  Hopkin  and  Williams  ; 
twelve   hours   also   sufficed   to   cloud   the   infusion  thus 
^■kreated.     Precisely  the  same  experiments  were  made  with 
^Hierriug  with  the  same  result.     At  this  season  of  the  year 
^Keveral  days'  exposure  to  the  air  is  needed   to   produce 
^Hibe  same    effect.      On   Decemljer   31   a  strong   tumip- 
^Hnfusion     was     prepared      by     digesting     in      distilled 
^Hrater  at  a  teraperatiu-e  of  120°  Falir.     The  infusion  was 
^Hivided  between  four  large  test-tubes,  in  one  of  which  it 
^Bms  left  unVioiled,  in  another  boiled  for  live  minutes,  and 
^Bn  the  two  remaining  ones  boiled,  and,  after  cooling,  in- 
^Bbcted  with  one  drop  of  beef-infusion  containing  Bacteria, 
^■n  twenty-four  hours  the  unboile<l  tube  and  the  two  in- 
^Hected  ones  were  cloudy,   tiie   uulioiled  tube    being   the 
^Biost  tiurbid  of  the  three.     The  infusion  here  was  pecu- 
^Harly   limpid   after    digestion ;    for  turnip    it  was    quite 
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exceptional,  and  no  amount  of  searching  with  the  mici 
scope  sufficed  to  reveal  in  it,  at  first,  the  trace  of  a  living 
Bacterium ;  still  germs  were  there  which,  suitably 
nourished,  passed  in  a  single  day  into  Bacterial  swarms 
without  number.'  Five  days  did  not  suffice  to  produi 
an  effi-ct  approximately  equal  to  this  in  the  boiled  tube, 
which  was  uninfected  but  exposed  to  the  common  labora- 
tory air. 

Tliere  cannot,  moreover,  be  a  doubt  that  the  germs 
the  air  differ  widely   among  themselves  as  regards 
parednesa  for  development.     tSorae  are  fresh,  others  old 
some  are  dry,  others  raoi.«t.     Infected  by  such  germs,  thi 
same    infusion   woidd  require   different  lengths   of  timi 
to  develop  Bacterial   life.     This  remark   applies   to  an 
probably  explains  the  different  degrees  of  rapidity  with 
which   epidemic  disease  acts  upon   different  people.     In 
some  the  hatching-period,  if  it  may  lie  called  such,  is  long, 
in  some  short,  the  differences  depending  upon  the  different 
degrees  of  preparedness  <>f  the  contagium. 

Such  is  an  outline  of  the  present  enquiry  as  far  as  it 
is  now  complete.  It  gives  mo  pleasure  to  refer  to  the 
untiring  patience,  the  admirable  mechanical  skill,  the 
veracity  in  thought,  word,  and  deed  displayed  throughout 
by  my  assistant,  Mr.  .John  Cottrell,  who  was  zealously 
aided  by  his  junior  colleague,  Mr.  Frank  Valter. 


Mt  interest  in  the  question  of  spontaneous  generation 
was  first  excited  by  the  imperishable  investigations  of 
Pasteur,  while  the  medical  l>earing8  of  the  question  were 
subsequently  made  more  and  more  clear  to  me,  mainly, 


\ 


'  The  gorniB  Bre  to  be  found  in  the  be&rt  of  the  clearest  blocks 
Norwny  ice.  Such  water  prepared  by  myself  has  been  exiimined  by  '. 
SuidomoD,  and  found  to  be  quite  at  infectious  as  ordinary  n-ater. 
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ight  to  say,  by  the  writings  and  converpation  of  Dr. 
William  Budd.  For  more  than  fifteen  years  tliis  strong 
and  original  thinker  fought  in  England  an  up-hill  fight 
in  favour  of  the  germ  theory  of  epidemic  disease,'  and  his 
Bst  intellectual  effort,  the  production  of  his  great  work 
'on  Typhoid  Fever,  under  which,  unhappily,  his  over-active 
jnind  gave  way,  consisted  in  conclusively  demonstrating 
Dth  the  contagious  character  and  the  seat  of  the  con- 
iagium  of  that  disease.  The  quotation  from  a  letter  given 
at  page  172  of  this  volume  will  show  the  clearaess  and 
definiteness  with  which  Dr.  Budd  from  tlie  first  grasped 

^Blhe  doctrine  of  'the  vitality  of  contagia'  which  is  now 

^wvery  where  gaining  ground. 

^y  Since  the  time  here  referred  to,  able  investigators  in 
various  European  countries  have  taken  up  the  question  of 
contagium,  until  at  the  present  moment  no  other  medical 
principle  occupies  so  much  thought,  or  is  the  subject  of  so 
much  discussion.  '  How  does  it  happen,'  says  Dr.  Burdon 
Sanderson,* '  that  these  Bacteria,  which  we  suppose  must 
have  existed  half-a-dozen  years  ago  in  as  gieat  numbers 
as  at  present,  were  then  scarcely  heard  of,  and  that  they 
now  occupy  so  large  a  place  in  the  medical  literature  of 
this  coimtry  and  of  Germany,  and  have  lately  affurded 
material  for  lively  discussion  in  tlie  French  Academy  ? ' 
Dr.  Sanderson  points  out  the  relation  of  Lister  in  England 
and  of  Hnllier  in  Germany  to  the  movement  regarding 
Bacteria  wliich  is  now  working  like  a  ferment  through 

^kkhe  medical  world.  But  to  scarcely  any  other  workers  are 
we  more  indebted  than  to  Dr.  Sanderson  and  his  colleagues, 
for  the  continued  and  successful  prosecution  of  researches 
bearing  upon  the  pathology  of  contagion. 

II,  this  year,  took  with  me  to  the  Alps  the  excellent 
'  Sapportni,  I  am  Iiuppy  to  sajr,  hj  on«  eminent  antbority,  Sir  Thomaa 
ntson. 
'  ''BMthldedica]  Journal,'  Jauaary  16,  i875. 
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reports  of  the  iiK;dical  officer  of  tbe  Privy  Coancil,  toge^ 

tlier  with  the  associated  memoirs  of  Dr.  Sanderson  and 
Dr.  Klein,  (hi  the  healthy  mouDtain  sides,  in  the 
intervals  of  otliyr  work,  I  read  these  papers,  with  tbe 
interest  of  one  who  saw  in  them  the  st^^y  growth  and 
consolidation  of  a  principle  which  promises  to  rescue 
medicine  from  the  rep  npiricism,  to  raise  it  fd 

the  rank  of  a  true  sa.<  a  place  those  '  invisible 

foes,'  as  they  have  b©  y  the  celebrated  Cohu, 

which  lurk   in  the  air  B  and  in  the  water  ve 

drink,  within  the  gras  fraician. 

A  few  extrat'ts  froB  ts  with  which  Mr.  John 

Simon  prefaces  the  me  be  gentlemen  who  work 

in  his  department,  wi  lat  impoi-tant  advance-s 

have  been  made  of  late  years  in  our  knowledge  of  the 
contagia  of  infective  disease.  '  Ten  years  ago,'  saN's  Mr. 
Simon,  in  his  report  to  the  Privy  Conncil  for  1874,  'we 
had  not  even  a  beginning  of  any  trne  insight  into  the 
respective  eontagia  whicli  excite  acute  infective  diseases; 
and,  considering  the  large  and  lasting  interest  which 
exact  studies  in  this  field  of  scientific  research  must  have 
for  the  human  race,  I  think  the  fact  noteworthy  that  the 
first  of  sucli  studies  were  instituted  and  the  first  steps  of 
discovery  made  with  reference  to  a  contagious  fever  of 
horned  cattle.  I  refer,  namely,  to  the  researches  which 
were  made  tmder  Her  Majesty's  Government  in  1865,  in 
aid  of  the  then  Cattle-plague  Commission;  when  Dr.  Beale, 
working  at  the  microscopy  of  the  disease,  drew  attention 
to  the  swarms  of  extremely  minute  particles  which  he 
found  universally  present  in  the  textures  and  jnices  of  the 
animals,  and  which  he  believed  to  be  the  contagium  of 
the  disease ;  and  when  Dr.  Sanderson,  working  at  the 
matter  from  a  difTcrent  point  of  view,  succeeded  in  show- 
ing experimentally  tliat  the  true  contagium  admits  of 
being  physically  distinguished  in  the  animal  juices  which 
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:>ntain  it,  and  of  being  so  separated  from  them  as  to 
eave  them  without  infective  power.  In  the  next  suo- 
eeding  years  the  writings  of  Dr.  Hallier,  ProfetiSur  of 
Jotany  in  Jena,  brought  under  animated  discussion,  as  a 
branch  of  microphytology,  the  nature  and  origin  of  conta- 
ium  particles  in  a  great  variety  of  diseases,  human  and 
rut«.  New  experimentil  knowledge  of  several  contagia 
»a8  set  forth  in  the  writings  of  Professor  Chauveau,  of 
be  Veterinary  School  of  l^yons,  and  in  1870  I  had  the 
lionour  of  presenting  Dr.  Sanderson's  first  report  of  re- 
irches  made  in  the  matter.  At  that  time  general  con- 
clusions seemed  justified,  first,  that  the  characteristie- 
baped  elements  which  the  microscope  had  shown  abound- 
in  various  infective  products  are  tielf-viultiplyiw/ 
rganic  forms,  not  congeneric  with  the  animal  body  in 
rhich  they  are  found,  but  apparently  of  the  lowest  vege- 
table kind;  and  secondly,  that  such  living  organisms  are 
|)robably  the  essence,  or  an  inseparable  part  of  the  essence, 
Df  all  contagia  of  disease.  The  study  of  morbid  contagion 
ras  thus  brought  into  seeming  affinity  with  that  which 
for  some  years  before  been  made  by  Professor 
Schroeder  and  M.  Pasteur  in  the  ordinary  processes  of 
fermentation  and  putrefaction  ;  and  there  began  to  be 
lintly  visible  to  us  a  vtist  destructive  laboratory  of  Nature, 
wherein  the  diseases  which  are  most  fatal  to  animal  life, 
id  the  changes  to  which  dead  organic  matter  is  pas- 
ively  liable,  appear  bound  toge.ther  by  what  must  at 
least  be  called  a  very  dose  analogy  of  causation.  This 
|fiew  of  the  matter  has  since  then  become  greatly  more 
istinct,  in  consequence  of  the  investigations  made  by 
Dr.  Sanderson,  particularly  in  1871  and  1872,  with  refer- 
^■tnce  to  the  common  septic  contagium  or  ferment.  For 
^Bd  that  ferment  there  seems  now  to  be  identified  a 
^H^rce  wliich,  acting  disintegratively  iipon  organic  matter, 
'     vhetber  dead  or  living,  can  on  the  one  hand  initiate  putre- 


Bur 
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faction  of  what  is  dead,  and  on  the  other  band   initiab 
febrile  and  inflammatory  pnacesses  in  what  is  living. 

'  Continuation  of  this  line  of  study  in  regard  of 
infections  of  the  living  body,  is  represented  in  the  6r 
two  of  the  appended  papers. 

'  In  the  first  paper  Dr.  Sanderson  brings  down  to 
present  time  an  account  of  the  microphytes  of  contagion,! 
setting  forth  more  particularly  such   positive  knowledg 
as  had  yet  been  obtained  with  regard  to  the  respectiv 
contagia  and  respective  morbid  processes  of  dipUtbc 
erysipelas,  relapsing  fever,  and  splenic  fever,  or  the  "mil 
brand  "  of  veterinary  practice. 

'The  second  paper  represents  a  contribution  to  tl)» 
growing  modem  doctrine  of  contagion  in  an  exposition  by 
Dr.  Kleiu  of  the  intimate  nature  of  the  local  change* 
which  cliaracterise  the  acute  zymotic  disease  known  at 
Variola  Ovina  or  Sheep-poje.  Dr.  Klein  has  been  able 
to  identify  the  contagium  particles  of  that  infectious  fever 
as  definite  microphytes  growing  and  fructifying  with  vast 
rapidity  in  the  canals  and  tissues  of  the  infected  skin. 
The  woodcuts  of  his  annexed  paper  show  the .  process  to 
have  been  observed  by  him  with  a  completeness  not  yet,  I 
believe,  attained  in  regard  of  any  other  such  case.  And 
these  results  of  his,  while  they  complete,  as  regards  the 
special  disease  in  question,  the  broad  pathological  outline 
which  previotis  inductions  had  rendered  probable,  must 
also,  I  think,  be  regarded  as  tending  very  importantly  to 
confirm,  while  they  illustrate,  the  general  doctiinc  of 
vitality  of  cmitagia.' 

It  was  with  no  levity  of  mind  that  I,  an  outsider,  who 
had  been  drawn  by  my  own  experiments  in  1808—69 
the  contemplation  of  the  subject,  ventured  to  range  vaj^ 
self  on  the  side  of  those  who  then  advocated  the  doctrine 
BO  clearly  enunciated  by  Mr.  Simon,  and  so  vastli 
strengthened    by   the    researches    conducteti    under 
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direction.     What  was  tlicn  more  or  k-ss  the  siirmiae  of 

fflcn  of  geni«is  like  William  Budd,  is  now  being  raised 

I  to  the  level  of  demonstration.     With  increased  discipline 

liorettigntion   naturally  tends  to   become   more   detailed 

spefific-,  the  forecast*  of  the  scientific  imagination 

Dtning  gradually  displaced  by  the  solid  matter  of  fact. 

Ifilpeaking  of  the  havoc  produced  by  typhoid  fever  and  of 

the  oootagion  to  which  that  fever  is  due,  Dr.  Pudd,  in  his 

_0elelirated  work,'  observes:   'It  is  humiliating  to  think 

hat  issues  such  as  these  should   be  contingent  on  the 

>wer8  of  an  agent  so  low  in  the  scale  of  being  that  the 

ildew  which  springs  up  on  decaying  wood  must  be  con- 

dered  high  in  comparison.' 

In  hie  last  report  to  the  Privy  Council  Mr.  Simon  was 

able  to  announce  the  probable  discovery  by  Dr.  Klein  of 

the  agent  here  referred  to.     After  passing  in  review  two 

impijrtant  papers  by  Professor  Burdon  Sanderson  on  the 

'  Process  of  Fever,'  and  on  tlie  '  Experimental  Study  of 

Infective  Inflammations,'  Mr.  Simon  thus  refers  to  Dr. 

■Qetn's  paper :  '  The  third  paper,  which  is  by  Dr.  Klein, 

bres  (as  foreshadowed  in  my  last  reptirt)  the  extremely 

■IDtere!^ting  results  of  his  investigation  of  the  intimate, 

anatomy  of  Enteric  Fever  ;  and  Dr.  Klein,  who  fortunately! 

is  artist  enough  to  reproduce  admirably  with  his  pencil 

^k^^atomical  appearances  which  be  displays  under  the 

^^B^BCope,  h.-is  here,  as  on  former  occasions,  illustrated 

Bs  written  report  with  drawings  which  make  the  results 

■HiUarly  clear. 

^W*  The  paper  has  its  distinctive  and  very  great  interest 
Kl  tlie  fact  that  it  purports  to  describe  for  the  first  time 
^kt  eontagium  of  enteric  fever  as  something  cognisable  to 
Hip  eye :  in  respect  of  certain  multiplying  microscopical 
Bbnns,  apparently  of  the  lowest  vegetable  life,  which  are 

I  '  'Typhc'id  Fsrar;  it*  Mature,  Uode  of  Spraading  wad  PreraotioD.' 
Mm^BtAta,  187S.  p.  4.  J 
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found  in  innumerable  swarms  in  the  bowel-textures 
liowel  discharges  of  tlie  sick  ;  penetrating  from  the  formi 
to  diffuse  throughout  the  patient's  general  system,' 
teeming  in  the  latter  to  represent,  as  this  view  sup 
the  possible  germs  of  epidemic  infection. 

'  The  most  cursory  glance  cast  Ly  the  anatomist  at 
illustrations  of  Dr.  Klein's  paper  will  convince  him  of  tl 
n-ality  of  the  facta  wliicli  Dr.  Klein  interprets  to  tl 
above  efiect :  and  that  the  interpretation  thus  assigni 
to  the  facts  is  the  one  which  they  must  generally  recoi' 
is,  I  think,  an  inevitable  consequence  of  the  consideratioi 
which  were  stated  in  my  last  report  with  general  regai 
to  agencies  of  contagion.     The  enteric  fever  of  man  is  ni 

■  yet  known  to  be  communicable  to  any  other  animal ;  ani 
it  has  therefore  not  been  possible  to  perform  in  relatii 
to  its  supposed  eontagium  such  experiments  as  have 
made  on  the  lower  animals  with  respect  to  the  contagil 
of  some  other  disejises.  In  absence  of  such  experimen 
the  same  degree  of  certainty  cannot  at  present  be 
pressed  with  regard  to  the  contagiiun  of  enteric  fever 
with  regard  to  that  (for  instance)  of  sheep-ptix :  h 
subject  to  any  correction  which  experiment  may  herea: 
supply,  we  may  at  least  accept  as  approximately  provi 
that  the  eontagium  of  enteric  fever  has  its  essence,  or 
of  its  essence,  in  the  microphyte  which  Dr.  Klein  hi 
discovered ;  and  that  here  accordingly  is  a  further  illiu* 

^t^ation  of  the  general  doctrine  which  I  have  noticed  oa 
many  previous  occasions,  with  regard  to  the  significance 
of  specific  organic  forms  in  the  constitution  of  specific 
contagia. 
In  an  immediately  practical  point   of  view,  much 


'  This  reminds  one  of  the  sprend  of  Ptbriue  throuf!li  the  ailkironns  t» 
perimeutod  on  b;  Paoreur.  In  the  case  of  the  wornin  the  orKanismi  fint 
took  poweaition  of  tlie  intoxtinal  canal,  and  spread  thence  throughout  th< 
Wly  of  the  worm.     See  p.  ISA  of  this  volume. 
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erest  attaclies  to  Dr.  Klein's  remark  that  the  micro- 
phyte, which  he  describes  in  the  present  paper,  closely 
corresponds  with  that  which  Professor  Cohn,  the  eminent 
micro-botanist,  described,  under  the  name  of  Crenothrix 
polyspora,  as  found  by  liim  "  in  the  well-water  of  a  certain 
district  in  Breslaii,  famous  for  the  frequent  occurrence  of 
enteric  fever  among  its  inhabitants." ' 

Rarely  has  the  pen  of  a  medical  writer  produced 
a  parapiraph  of  equal  importance  to  that  wherein  Mr. 
Simon  draws  a  distinction  between  the  fcetid  gases  and 
stinks  arising  from  animal  and  vegetable  putrefaction, 
and  the  real  contsigia  concerned  in  the  production  and 
propagation  of  typhoid  fever.  'An  important  suggestion,' 
he  writes,  'of  modern  science,  with  regard  to  the  nature 
of  the  operations  by  which  filth,  attacking  the  human 
b<xly,  is  able  to  disorder  or  destroy  it,  is,  that  the  chief 
morbific  agencies  in  filth  are  other  than  those  chemically- 
identified  stinking  gaseous  products  of  organic  decomposi- 
tion which  force  themselves  on  popular  attention.'  Ex- 
posure to  the  sufficiently-concentrated  forms  of  organic 
decomposition  (as,  for  instance,  in  an  unventilated  old 
cesspool  or  long-blocked  sewer)  may,  no  doubt,  prove 
immediately  fatal,  by  reason  of  some  large  quantity  of 
sulphide  of  ammonium,  or  other  like  poisonous  and  foetid 
gas,  which  the  suilerer  suddenly  inhales ;  and  far  smaller 
of  these  foetid  gases  as  breathed  with  extreme  dilu- 
in  ordinary  stmking  atmospheres,  botli  give  immediate 
he  and  general  discomfort  to  sensitive  persons  tem- 
pwSrily  exposed  to  them,  and  also  appear  to  keep  in  a 
somewhat  vaguely  depressed  state  of  health  many  who 
habitually  breathe  them:  but  here,  so  far  as  we  yet  know, 

'  SiiyoATs  ago  I  wroU)  ihas:  'Draina  and  cesspool.",  indeed,  are  by  no 
nea'i*  in  tiaoh  evil  (vioiir  na  th«y  used  to  be.  A  fmtid  Thiimes  nnd  n  loir 
deatb-rHte  occur  from  time  to  time  in  London.  For,  if  the  epeciiil  matter  or 
gtrm*  of  epidemic  diaorder  be  not  preaent,  a  corrupt  atmovpbere,  however 
obnoxious  otbervise,  will  not  produce  the  di:iorder.'  Seep.  144  of  thU  volume. 
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is  the  end  of  the  potency  of  these  stinking^  gases.     Whflfl 
however,  thus  far  there  is  only  the  familiar  case  of  the 
called  common  chemical  poi-non,  which  hurts  by  instai 
action  and  in  direct  proportion  to  its  palpable  and  pond( 
alile  dose,  the  other  and  far  wider  possibiliti&i  of  mischi* 
which  we  recognise  in  filtli  are  such  as  apparently  m\ 
be  attributed  to  morbific  ferments  or  contaffia ;  mal 
which  not  only  are  not  gaseous,  but,  on  the  contrary, 
far  as  we  know  them,  seem  to  have  their  essence,  or 
inseparable  part  of  it,  in  certain  solid  elements  which 
microscope  discovers  in  them,  in  living  orgixnisms,  nameh 
which  in  their  largest  sizes  are  but  very  minute  microscc 
pical  objects,  and  at  their  least  sizes  are  probably  uni 
even  with  the  microscope  ;  organisms  which,  in  virtue 
their    vitality,  are    indefinitely  self-multiplying    wit! 
their  respective  spheres  of  operation,  and  which,  therefoi 
as  in  conti-ast  with  common  poisons,  can  develop  ind( 
nitely  large  ulterior  eflfects  from  first  doses,  which  are 
definitely  small.' 

'  Of  ferments  thus  characterised,  the  apparently  eai 
tial    factors   of  specific  chemical  processes,  at  least   oi 
sort — the  ordinary  septic    ferment — seems  always  to 
present  where  putrefactive  changes  are  in  progress,  as 
course  in  all  decaying  animal  refuse;  while  others,  thoi 
certainly  not  essential  to  all  such  putridity,  are  in 
ferent   degrees  apt,  and  some    of  them  little   less    tl 
certain,  to   be  frequent  incidents   of   our   ordinary 
fuse.      As,   apparently,  it  is   by  these  various  agendfl 
(essential  and  incidental)  that  filth  produces  "  zymotit 
disease,  it  is  important  not  to  confound  them  with 
f«tid  gases  of  organic  decomposition ;  and  the  question^ 
what  infecting  powers  are  prevalent  in  given  atmosphere! 

>  Bee  tbs  pnrnllol  cnse  of  tho  inft^tion  of  infusionii  in  tho  flrnt  nrtide  tl 
this  Tolumo,  p.  [23.     Fur  an  illu»trat\on  of  the  powr  n{  f&lf-multiplicAUM 
,  io    "  ^e  p.  139.    Seo  niso  Listor,  p.  148  ;  aUu  pp.  171i  173. 
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juld  never  be  regarded  as  a  mere  question  of  stink.     It 
^of  the  utmost  practical  importance  to  recognise  in  regard 
'  filth,  that  agents  which  destroy  its  stink  may  yet  leave 
|1  its  main  powers  of  diseu.<e-production   undiminished. 
lether  the  ferments  of  disease,  if  they  could  be  isolated 
sufficient  quantity,   would    prove   themselves    in   any 
odorous,   is  a  point  on  which  nor  guess  need  be 
irded ;  but  it  ia  certain  that  in  doses  in  which  they 
fatally  infect  the  human  body  they  are  infinitely  out 
reach  of  even  the  most  cidtivated  sense  of  smt'll,  and 
it  this  sense  (though  its  positive  warnings  are  of  indis- 
pnsable  sanitary  service)  is  not  able,  except  by  indirect 
»d  quite  insufficient  perceptions,  to  warn  us  against  risks 
'  morbid  infections. 
'  Even  as  regards  the  positive  notices  which  we  re- 
by  the  sense  of  smell  with   regard  to  putrefactive 
composition,  wo  miist  not  assume  that  the  diffusion  and 
jtency  of  septic  ferment  in  the  air  necessarily  go  pari 
with  the  diffusion  and  offensiveness  of  the  foetid 
Witness,  on  a    very  large  scale,  the   experience 
of  London    in   the  summer   of  1858;  when,  as   persons 
So   were   then  frequenting   Westminster  may  well   re- 
lember,    our  tidal  river,   enormo\isly  charged   with  de- 
composing sewage,  stank   week  after   week   in  a  degree 
which  excited  much  public  alarm  as  to  the  possible  con- 
teqiiences  of  the  nuisance,  and  even  led  to  an  immediate 
iterference  of  the  Legislature  ;  but  when,  though    the 
itity  of  sulphuretted  hydrogen  in  the  river  atmosphere 
ich  as  rapidly  to  blacken  the  ordinary  chemical  test- 
as  well  as  to  affect  in  the  same  way  the  k'iid-]>aiut 
of  vessels  on  the  river,  and  was  enough  also  to  produce 
long  persons  much  eugaged   on  the  river  such   signs  of 
iilphide-poisoning  as  I  have  above  mentioned,  tlie  par- 
ticular ailments  which  attest  the  working  of  septic  ferment 
on  the  human  body  were  in  even  Jess  than  average  ptevi- 
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lence  among  the  unwilling  subjects  of  this  large  exp 
ment.' 

At  page  172  of  these  '  Fragments '  I  use  the  followiii 
language :  It  has  been  said,  and  it  is  siue  to  be  repeate 
that  I  am  quitting  my  metier  in  speaking  of  those  thing 
Not  so.  I  am  dealing  with  questions  on  which  mi 
accustomed  to  weigh  the  value  of  experimental  evide 
re  alone  competent  to  decide,  and  regarding  which  mic 
so  trained  are  as  eapahle  of  forming  a  correct  opinion 
tliey  are  regarding  a  problem  of  magnetism,  or  of  radia 
beat.  'The  germ  theorj'  of  disease,'  it  has  been  aa 
'  appertains  to  tlie  biologist  and  tlie  physician  : '  grant 
but  cot  to  them  alone ;  for  where  is  the  biologist 
physician  whose  researches  in  connection  with  this  sulj 
ject  could  for  one  instant  be  compared  to  those  of 
chemist  Pariteur?  It  is  not  the  philosophic  members 
the  medical  profession  who  are  likely  to  be  dull  to  ti 
reception  of  truth  because  it  does  not  originate  wit 
the  pale  of  the  profession  itself. 

It  was  Dr.  Bastiau  who  claimed  iu  the  words  at 
quoted  the  germ  theory  of  disease  as  the  property  of  the] 
■biologist  and  the  pliysician.  For  six  years  his  claim  ha 
been  conceded  to  him,  and  we  now  see  the  use  he 
made  of  the  concession.  But  I  regret  to  say,  that  tl| 
same  view  of  the  subject  has  br-en  taken  by  other  ve 
distingiushed  men.  Sir  VVdliam  Jeuner,  for  example,  d 
his  address  as  President  of  the  Clinical  Society,  emplo 
the  folliiwing  language:  'I  do  not  say,  nor  do  I  thii 
that  the  arguments  and  facts  able  to  be  adduced  in  fav( 
of  the  origin  de  novo  of  the  contagious  diseases  are  cofl 
elusive;  but  I  do  say  they  are  strong  enough  to  make  ' 
pause  before  we  accept  the  theory  advocated  by  Dr.  Wi 
Budd,  and  to  which  Professor  Tyndall  has  lent  the  weigk 
of  his  name — a  weight  which  would,  however,  be  grea 
the  point  in  question  if  he  had  himself  studietl  thesii^ 
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ject  on  which  he  has,  I  am  sorry  to  say,  addressed  the 
public  in  a  strain  calculated  to  check  unprejudiced  indi- 
\-idual  enquiry.' 

The  coju-tesy  of  Sir  William  Jenner's  reference  en- 
»urages  me  to  hope  that  he  will  accept  my  assurance 
bat  the  part  I  have  publicly  taken  in  reference  to  Dr. 
ludd  was  preceded  by  no  small  amount  of  study  of  the 
question  in  band.  Dr.  Murchison,  the  most  prominent 
iiler  of  the  party  in  the  medical  profession  who  teach  tho 
ttontaneous  (generation  of  infective  diseases,  affirms  that 
the  contagium  of  typhoid  fever  'may  be  generated  inde- 
pendently of  a  previous  ease  by  fermentation  of  faecal  and 
perhaps  other  forms  of  orgfanic  matter.'  I  tliink  it  prolj- 
able  that  the  experience  of  Sir  William  Jeunor,  or  of  Dr. 
Murchison,  in  regard  to  fsecal  matter,  is  less  tlian  my  own. 
if'or  more  than  twenty  years  I  have  annually  bad  occasion 
observe  ffecal  matter  of  all  kinds  seething  under  a 
jmer  sun  in  the  villages,  hamlets,  and  chalets  of 
Switzerland,  and  proving  itself  utterly  incapable  of  gene- 
iting  that  contagium  which,  according  to  Dr.  Murchison's 
Ftdiing,  is  a  product  of  its  fermentation.  There  is  but 
liDe  way  tif  getting  over  the  arguments  of  Dr.  Budd,  and 
sat  is — to  destroy  his  facts:  for  these  being  granted,  bis 
Dnclusions  are  irresistible.  To  his  facts  and  reasonings 
now  to  be  added  the  whole  weight  of  the  researches 
inducted  under  the  auspices  of  the  Privy  Council.  These 
re  deatl  against  the  notion  favom-ed  by  Sir  William 
Jenner,  and  enunciated  by  Dr.  Murchison  as  one  of  the 
leading  conclusions  in  the  summary  of  his  learned  work  on 
-'Typhoid  Fever.'  I  may  be  permitted  to  express  a  doubt 
rhether  in  England  a  dozen  years  hence  a  single  physician 
if  their  commanding  eminence  will  be  found  endorsing 
views  which  they  have  thought  it  their  duty  to 
lunciate  and  defend. 

t  the  end  of  this  volume  will  be  found,  with  a  few 


omissions  immaterial  to  the  principle  discussed,  the  letter 
to  the  'Times'  which  provoked  at  the  time  of  its  publica- 
tion 80  much  hostile  criticism,  aud  brought  down  upou 
me  the  censure  of  Dr.  jMuichison  and  fiit  William  Jenner| 
I  commit  it,  without  misf^ivinp;,  to  the  judgment  of  th< 
future.  In  reference  to  my  allusion  to  Dr.  Klein,  Dt\ 
Murchisou,  at  a  meeting  of  the  Pathologfical  Society 
May  4,  1875,  spoke  thus:  '  I  believe  tliat  Dr.  Sander6o< 
himself  would  be  the  first  to  repudiate  any  such  stat 
ment,  and  I  think  that  any  one  wlio  has  listened  to  th 
debate  must  be  satistied  that  sucli  an  announcement  wa 
entirely  unwarranted  by  Dr.  Klein's  discovery  of  Bacterid 
in  connection  with  the  lesions  of  enteric  fever.'  Tb 
reader  must  judge  between  Dr.  Murehison  and  me.  Tl 
warrant  for  my  reference  is  to  be  found  at  pp.  [29,  [3C 
and  [31,  where  Mr.  Simon's  account  of  Dr.  Klein's  di 
covery  is  given  verbatim. 


I  take  this  opportimity  of  notifying  ray  acceptance  i 
a  correction  on  a  point  of  history  at  the  hands  of  mj 
eminent  opponent  the  Reverend   James  Martineau.      I| 
has  reference  to   a  passage  in  the  '  Belfast  Address,'    iq 
which    the    relationship    of    Empedocles    to    Democritu 
is  mentioned.     Speaking  of  a  passage  from  Ijange, 
Martineau  says :  '  Misled   by  the  order   of  this  pass 
which  gives   the  missing  thought  after  naming  the 
which   it  might  have  filled,  Dr.   Tyndall   has   descril 
Empedocles    as    intentionally   making  good   a   defect 
iJemocritiis.     This    is    an    inversion    of   the   chronology! 
Kmpedocles  preceded  Democritua  by  at  least  a  gener 
tion,  being    born    about    u.c.   490    and    dying   B.C.   430 
wliilst  Deraocritus,  whom  we  find  at  Thurii,  shortly  afle 
the  foundation  of  the  colony,  in  B.C.  443,  died  at  a  ver 
advanced  age  B.C.  357.'     A  reference  to  dates  in  Smithl 
'  Classical  Dictionary '  will  show  that  my  mistake  was  no 
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TJiB  CONSTITUTION  OF  NATURE.^ 
1866. 

WE  cannot  think  of  space   as  finite,  for  wherever  in 
imag;ination  we  erect  a  houndary,  we  are  compelled 
think  of  space  &s  existing  beyond  it.     Tlius  by  the 
cessaut  dissolution  of  limits  we  arrive  at  a  more  or  less 
idequate  idea  of  the  infinity  of  space.     But,  though  corn- 
ed to  think  of  space  as  unbounded,  there  is  no  mental 
essity  compelling  us  to  think  of  it  either  as  filled  or 
;pty ;  whether  it  is  so  or  not  must  be  decided  by  ex- 
periment and  observation.   That  it  is  not  entirely  void,  the 
heavens  declare ;  but  the  question  still  remains,  Are 
stars  themselves  hung  in  vacuo  ?    Are  the  vast  regions 
rhich  surround  them,  and  across  which  their  light  is  pro- 
gated,  absolutely  empty  ?     A  century  ago  the  answer  to 
is  question  would  have  been,  '  No,  for  particles  of  light 
incessantly  shot  through  space.'     The  reply  of  modem 
eace  is  also  negative,  but  on  different  grounds.     It  has 
best  possible  reasons  for  rejecting  the  idea  of  hmii- 
ferous  particles ;  but,  in  support  of  the  conclusion  that 
celestial  spaces  are  occupied  by  matter,  it  is  able  to 
ler  proofs  almost  as  cogent  as  those  which  can  be  adduced 

'  'Fortnightly  Renew,'  yol.  iii.  p.  120. 
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for  the  existence  of  an  atmosphere  raoud  the  earth.  Men's 
raiuii>,  inde.ii.  ruse  to  a  oonceptioD  of  the  celestifU  and 
universal  atnu-spbere  through  the  studj  of  the  terrestrjjj 
and  local  ouv.  From  the  phenomena  of  Botujd,  as  dis- 
played iu  thir  iiir.  they  asoeoded  to  the  phenomena  of  light, 
Rs  displayed  io  the  aether;  which  is  the  name  given  to 
the  interstellar  mec 

The  notion  of  t  inet  not  be  considered  as 

a  vague    or  fancifiH  >n  the  part  of  scientific 

men.     Of   its  reality  lem  are  as  convinced  aa 

they   are   of  the  ai  it)  sun  and  moon.     The 

luuiiniferous  ai'ther  1  leehanical  properties.    It 

is  almost  iutiiiitely  n  ed  than  any  known  gas, 

l)ut  its  i)ropi  rties  art  >lid  rather  than  of  a  gas. 

It  resembles  jelly  rather  than  air.  A  body  thus  eonsti- 
tutod  may  have  its  boundaries:  but,  although  the  aether 
may  not  be  co-extensive  with  space,  it  must  at  all  events 
extend  as  far  as  tiie  most  distant  visible  stars.  In  fact  it 
is  the  viliiele  of  their  light,  and  without  it  they  could 
not  be  seen.  This  all-pervadiug  substance  takes  up  their 
molecular  tremors,  and  conveys  them  with  inconceivable 
rapidity  to  oiu-  organs  of  vision.  It  is  the  transported 
shiver  of  bodies  countless  millions  of  miles  distant,  which 
translates  itself  in  liiunan  consciousness  into  the  splendour 
of  the  firmament  at  night. 

If  the  aetlier  have  a  bomidary,  masses  of  ponderable 
matter  miglit  be  conceived  to  exist  1  eyond  it,  but  they 
could  emit  no  light.  Beyond  the  aether  dark  suns  might 
burn  ;  there,  imder  proper  conditions,  combustion  might 
be  carried  on  ;  fuel  miglit  consume  unseen,  and  metals  be 
fused  in  invisible  fires.  A  body,  moreover,  once  heated 
th"re,  would  continue  for  ever  heated  ;  a  sun  or  planet 
once  molten,  woidd  continue  for  ever  molten.  For,  the 
loss  of  heat  being  simply  the  abstraction  of  molecular 
motion  by  the  aether,  where  this  medium  is  absent  no 
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ling'  could  occur.  A  sentient  being  on  approaching  a 
heated  boily  in  this  region,  would  be  conscious  of  no 
augmentation  of  temperature.  The  gradations  of  warmth 
Jependent  on  the  laws  of  radiation  would  not  exist,  and 
kctnal  contact  would  first  reveal  the  heat  of  an  extra 
aethereal  sun. 

Imagine  a  paddle-wiieel  placed  in  water  and  caused  to 

otate.     From    it,  as  a  centre,  waves  would  issue  in  all 

irections,  and   a  wader  as   he  approached  the  place  of 

isturbanoe  would  be  met  by  stronger  and  stronger  waves. 

lis  gradual  augmentation  of  the  impression  made  upon 

fie  wader's  body  is  exactly  analogous  to  the  augmentation 
flight  when  we  approach  a  luminous  source.     In  the  one 
liii  however,  the   coarse  common  nerves  of  the  body 
RDce  ;  for  the  other  we  must  have  the  finer  optic  nerve, 
ut  suppose  the  water  withdrawn  ;  the  action  at  a  distance 
would  then  cease,  and,  as  far  as  the  sense  of  touch  is  con- 
cerned, the  wader  would  be  first  rendered  conscious  of  the 
^^motion  of  the  wheel  by  the  blow  of  the  paddles.     The 
^transference  of  motion  from  the  paddles  to  the  water  is 
^inechanically   similar   to    the    transference   of  molecular 
motion  from  the  heated  body  to  the  aether  ;  and  the  pro- 
pagation' of  waves   through   the   liquid  is  mechanically 
similar  to  the  propagation  of  light  and  radiant  heat. 

As  far  as  our  knowle<lge  of  space  extends,  we  are  to 
,  conceive  it  as  the  holder  of  the  luminiferoua  aether, 
^^Kbrougb  which  are  interspersed,  at  enormous  distances 
^^■part,  the  ponderous  nuclei  of  the  stars.  Associated  with 
^Ithe  star  that  most  concerns  us  we  have  a  group  of  dark 
planetary  masses  revolving  at  various  distances  round  it, 
ch  again  rotating  on  its  own  axis ;  and,  finally,  asso- 
iated  with  some  of  these  planets  we  have  dark  bodies  of 
liner  note — the  moons.  Whether  the  other  fixed  stars 
iave  similar  planetary  companions  or  not  is  to  us  a 
latter  of  pure  conjecture,  which  may  or  may  uot  eutet 


4 


the 

uoefl 
I  ofV 


FRAGMEXTS   OF   SCIENCE. 


into  our  conception  of  the  universe.  But  probably  every 
thougbtful  person  believes,  with  regard  to  those  distant 
suns,  that  there  is,  in  space,  something  besides  our  system 
on  which  tliey  shine.  ^| 

From  this  general  view  of  the  present  condition  o^^ 
space,  and  of  the  bodies  contained  in  it,  we  pass  to  the 
enquiry  whether  things  were  so  created  at  the  beginning 
Was  space  furnished  at  once,  by  the  fiat  of  Omnipotenc 
with  these  burning  orbs  ?  To  this  question  the  man 
science,  if  be  confine  himself  within  his  own  limits,  will 
give  no  answer.  It  must,  however,  l>e  remarkeil  that  in 
the  formation  of  an  opinion  be  has  better  materials  to 
guide  him  than  anybody  else.  He  can  clearly  show  that 
the  present  state  of  things  'may  be  derivative.  He  can 
even  assign  reasons  which  render  probable  its  derivative 
origin — that  it  was  not  originally  what  it  now  is.  At  all 
events,  he  can  prove  that  out  of  common  non-liuninous 
matter  this  whole  pomp  of  stars  might  have  been  evolved. 

The  law  of  gravitation  enunciated  by  Newton  is,  that 
every   particle  of  matter  in   the  universe  attracts  ever^H 
other  particle  with  a  force  which  diminishes  as  the  square 
of  the  distance  increases.     Thus  the  sun  and  the  earth 
mutually  pull  each  other ;  thus  the  earth  and  the  moon 
are   kept   in   company ;  the  force  which  holds  every  ra^| 
spective  pair  of  masses  together  being  the  integrated  force^^ 
of  their  component  parts.     Under  the  operation  of  this 
force  a  stone  falls  to  the  ground  and  is  warmed  by  th^l 
shock  ;  under  its  operation  meteors  plunge  into  our  atmo- 
sphere and  rise  to  incandi.'scence.     Showers  of  such  doubt- ^ 
less   fall   incessantly  upon    the   sun.      Acted  on  by  thijH 
force,  were  it  stopped  in  its  orbit  to-morrow,  the  earth 
would  rush    towards,  and  finally  combine  with,  the  sun. 
Heat  would  also  be  developed  by  this  collision,  and  Mayer, 
Helmholtz,  and  Thomson  have  calcxdated  its  amount.     It 
would   equal  that   produced  by  the  combustion  of  more 
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5,000  worlds  of  solid  coal,  all  this  heat  being  gene- 
ted   at   the   instant  of  collision.     In  tlie  attraction  of 
gravity,   therefore,  acting  upon  non-luminous  matter,  we 
have  a  source  of  heat  more  powerful  than  could  be  derived 
from  any  terrestrial  combustion.     And  were  the  matter  of 
the  universe  thrown  in  cold  detached  fragments  into  space, 
,nd  there  abandoned  to  the  mutual  gravitation  of  its  own 
Tta,  the  collision  of  the  fragments  would  in  the  end  pro- 
duce the  fires  of  the  stars. 

The  action  of  gravity  upon  matter  originally  cold  may, 
fact,  be  the  origin  of  all  light  and  heat,  and  also  the 
proximate  source  of  such  other  powers  as  are  generated  by 
light  and  heat.  But  we  have  now  to  enquire  what  is  the 
light  and  what  is  the  heat  thus  produced?     This  question 


light  and  what  is  the  heat  thus  produced  ?  This  question  M 
^^has  already  been  answered  in  a  general  way.  Both  light  H 
^Knd  heat  are  modes  of  motion.    Tsvn  planets  clash  and  come        H 

I 


to  rest;  their  motion,  considered  as  that  of  masses,  is 
destroyed,  but  it  is  really  continued  as  a  motion  of  their 
ultimate  particles.     It  is  this  latter  motion,  taken  up  by 

Bae  aether,  and  propagated  through  it  with  a  velocity  of 
86,000  miles  a  second,  that  comes  to  us  as  the  light  and 
eat  of  suns  and  stars.     The  atoms  of  a  hot  body  swing 
with  inconceivable  rapidity ;  but  this  power  of  vibration 
necessarily  implies  tlie  operation  of  forces  between  the 
^^toms  themselves.     It  reveals  to  us  that  while  they  are 
^lield  together  by  one  force,  they  are   kept  asunder  by 
another,  their  position  at  any  moment  depending  on  the 
]uilil)rium  of  attraction  and  repulsion.     The  atoms  are 
irirtually  connected  by  elastic   springs,  which  oppose  at 
le  same  time  their  approach  and  their  retreat,  but  which 
Dlerat«  the  vibration  called  heat.    The  molecular  vibration 
ice  set  up  is  instantly  shared  witli  the  aether,  and  diffused 
by  it  throughout  space. 

We  on  the  earth's  surface  live  night  and  day  in  the 
lidst  of  aethereal  commotion.    The  medium  is  never  still. 
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The  cloud  canopy  above  us  may  be  thick  enough  to 
out  the  light  of  the  stars  ;  but  this  canopy  is  itself  a  warm 
body,   which    radiates   its   motion    through    the   aethi 
The  earth  also  is  warm,  and  sends  its  heat-pulses  incei 
santly  forth.     It  is  the  waste  of  its  molecular  motion 
space  that  chills  the  earth  upon  a  clear  night ;  it  is 
return  of  its  motion  from  the  clouds  which  prevents  thi 
earth's  temperature,  on  a  cloudy  night,  from  falling 
low.     To  the  conception  of  space  l)eing  filled,  we  must 
therefore  add  the  conception  of  its  being  in  a  state 
incessant  tremor. 

The  sources  of  this  vibration  are  the  ponderable  mi 
of  the  universe.  Let  us  take  a  sample  of  these  and 
amine  it  in  detail.  When  we  look  to  our  planet,  we  find 
it  to  be  an  aggregate  of  solids,  liquids,  and  gases.  When 
we  look  at  any  one  of  these,  we  generally  find  it  corapi 
of  still  more  elementary  parts.  We  learn,  for  exampL 
that  the  water  of  our  rivers  is  formed  by  the  imion, 
definite  proportions,  of  two  gases,  oxygen  and  hydrogei 
We  know  how  to  bring  these  constituents  together,  so 
to  form  water:  we  also  know  how  to  analyse  the  watei 
and  recover  from  it  its  two  constituents.  So,  likewise, 
regards  the  solid  proportions  of  the  earth.  Our  chalk 
hills,  for  example,  are  formed  by  a  combination  (^f  carbon, 
oxygen,  and  calcium.  These  are  elements  the  union  of 
which,  in  definite  proportions,  has  resulted  in  the  foi 
tion  of  chalk.  The  flints  within  the  chalk  we  know  to 
a  compound  of  oxygen  and  silicium,  called  silica  ;  and  oi 
ordinary  clay  is,  for  the  most  part,  formed  by  the  unioi 
of  silicium,  oxygen,  and  the  w^ell-known  light  metal,  al' 
minium.  By  far  the  greater  portion  of  the  earth's  c: 
is  compounded  of  tlie  elementary  substances  mentioned 
these  few  lines. 

The  principle  of  gravitation  has  been  already  descri 
as  an  attraction  which  every  particle  of  noatter,  howev^ 
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,  lias  for  every  otlier  particle.  With  gravity  there 
no  selection ;  no  particular  atoms  chooee,  by  pre- 
lOe,  other  particular  atoms  as  objects  of  attraction  ; 
attraction  of  grantation  is  proportional  to  the  quan- 
of  the  attracting  matter,  regardless  of  its  quality, 
in  the  molecular  world  which  we  have  now  entered 
itters  are  otherwise  arranged.  Here  we  have  atoms 
ween  which  a  strong  attraction  is  exercise^!,  and  also 
Uonife  l)ctween  which  a  weak  attraction  is  exercised.  One 
•torn  can  jostle  another  out  of  its  place,  in  virtue  of  a 
wperior  force  of  attraction.  But,  though  the  amount  of 
force  eierted  varies  thus  from  atom  to  atom,  it  is  still 
tn  attraction  of  the  same  mechanical  quality,  if  I  may 
we  ibe  term,  as  that  of  gravity  itself.  Its  intensity  might 
le  measured  in  the  same  way,  namely,  by  the  amount  of 
ootiuD  which  it  can  generate  in  a  certain  time.  Thus  the 
tioo  of  gravity  at  the  earth's  surface  is  expressed 
the  number  32  ;  because,  when  acting  freely  on  a  body 
a  second  of  time,  it  imparts  to  the  body  a  velocity  of 
two  feet  a  second.  In  like  manner  the  mutual 
ion  of  oxygen  and  hydrogen  might  be  measured 
ibe  velocity  imparted  to  the  atoms  in  their  nishing 
ler.  Of  course,  such  a  unit  of  time  as  a  second  is 
here  to  be  thought  of,  the  whole  interval  required  by 
atoms  to  cross  the  minute  spaces  which  separate  them 
Mt  amoimting  probalily  to  more  thaji  an  Inconceivably 
^Ul  fraction  of  a  second. 

^H|ftas  lieen  stated  that  when  a  body  falls  to  the  earth 
^BVvmed  by  the  shock.  Here  we  have  wliat  we  may 
^B  a  Tnecfuinical  combination  of  the  earth  and  the  body. 
E^  us  suffer  the  falling  body  and  the  earth  to  dwindle  in 
imagination  to  the  size  of  atoms,  and  for  the  attraction 
)£  gravity  let  us  substitute  that  of  chemical  affinity ;  we 
then  what  is  called  a  chemical  combination.  The 
t  uf  the  union  in  this  case  oXbq  is  the  development  q£ 
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heat,  and  from  tbe  amount  of  heat  generated  we  can  infer 
the  intensity  of  the  atomic  pu!l.  Pleasured  by  ordinary 
mechanical  standards,  this  is  enormous.  Mix  eight  poundi 
of  oxygen  with  one  of  hydrogen,  and  pass  a  spark  through 
the  mixture ;  the  gases  instantly  combine,  their  atoms 
rushing  over  the  little  distances  between  them.  Take  a 
weight  of  47,000  pounds  to  an  elevation  of  1,000  feet 
above  the  earth's  surface,  and  let  it  fall ;  the  energy  with 
which  it  will  strike  the  earth  will  not  exceed  that  of  the 
eight  pounds  of  oxygen  atoms,  as  they  dash  against  one 
pound  of  hydrogen  atoms  to  form  water. 

It  is  sometimes  stated  that  gravity  is  distinguished 
from  all  other  forces  by  the  fact  of  its  resisting  conversion 
into  other  forms  of  force.  Chemical  aflinity,  it  is  said, 
can  be  converted  into  heat  and  light,  and  these  again  into 
magnetism  and  electricity :  but  gravity  refuses  to  Im?  so 
converted;  being  a  force  maintaining  itself  under  all 
circumstances,  and  not  capable  of  disappearing  to  give 
place  to  another.  If  by  this  be  meant  that  a  particle  of 
matter  can  never  be  deprived  of  its  weight,  the  assertion 
is  correct ;  but  the  law  which  affirms  tlie  convertibility 
of  natural  forces  was  never  intended,  in  tbe  minds  of  those 
who  understood  it,  to  affirm  that  such  a  conversion  as  that 
here  implied  occurs  in  any  case  whatever.  As  regari 
convertibility  into  heat,  gravity  and  chemical  affini 
stand  on  precisely  the  same  footing.  The  attraction  in 
the  one  case  is  as  indestructible  as  in  the  other.  Nobody 
affirms  that  when  a  stone  rests  upon  the  surface  of  the 
earth,  the  mutual  attraction  of  the  earth  and  stone  is 
abolished ;  nobody  means  to  affirm  that  the  mutual 
attraction  of  oxygen  for  hydrogen  ceases,  after  tbe  atoms 
have  combined  to  form  water.  What  is  meant,  in  the 
Lease  of  chemical  affinity,  is,  that  the  pull  of  that  affinity, 
acting  tlirough  a  certain  space,  imparts  a  motion  of  trans- 
lation of  the  one  atom  towards  the  other.     This  motion 
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not  heat,  nor  is  the  force  that  produces  it  heat. 
It  when  the  atoms  strike  and  recoil,  the  motion 
translation  is  converted  into  a  motion  of  vibration, 
dch  i«  heat.  The  vibration,  however,  so  far  from 
Dnng  tlie  extinction  of  the  original  attraction,  is  in 
jt  carried  on  by  that  attraction.  The  atoms  recoil,  in 
rtae  of  the  elastic  force  which  opposes  actual  contact, 
A  in  the  recoil  they  are  driven  too  far  back.  The 
jgioal  attraction  then  triumphs  over  the  force  of  recoil, 
a  urges  the  atoms  once  more  together.  Thus,  like  a 
ndulum,  they  oscillate,  until  their  motion  is  imparted 
surrounding  jiether ;  or,  in  other  words,  tmtil  their 
ibecomes  radiant  heat. 

this  sense,  and  in  this  sense  only,  is  chemical 
converted  into  heat.  There  is,  first  of  all,  the 
ction  between  the  atoms ;  there  is,  secondly,  space 
tween  them.  Across  this  space  the  attraction  urges 
an.  They  collide,  they  recoil,  they  oscillate.  There 
bere  a  change  in  the  form  of  the  motion,  but  there  is 
Rttl  losss.  It  is  so  with  the  attraction  of  gravity.  To 
xfaioe  motion  by  gravity  space  must  also  intervene 
^meo  the  attracting  bod'ies  :  when  they  strike  together 
luin  is  apparently  destroyed,  but  in  reality  there  is  no 
Boction.  Their  atoms  are  suddenly  urged  together 
the  shock  ;  by  their  own  perfect  elasticity  these  atoms 
and  thus  is  set  uj)  the  molecular  oscillation  which 
aces  itself  to  the  nerves  as  heat, 
was  formerly  universally  supposed  that  by  the  colli- 
unelastic  bodies  force  was  destroyed.  Men  saw, 
iple,  that  when  two  spheres  of  clay,  painter's 
or  lead,  were  urged  together,  the  motion  possessed 
maMfiS,  prior  to  impact,  was  more  or  less  anni- 
.  They  believed  in  an  absolute  destruction  of  the 
L  of  impact.  Until  recent  times,  indeed,  no  diflScidty 
ienced  in  believing  this,  whereas,  at   present, 
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the  ideas  of  force  and  its  destruction  refiise  to  he  unit 
in  most  philosophic  minds.  In  the  collision  of  eLosti 
bodies,  on  the  contrary,  it  was  observed  that  the  motio 
with  which  tJiey  clashed  together  was  in  great  part. 
stored  by  the  resiliency  of  the  masses,  the  more  perfe 
the  elasticity  the  more  complet*  being  the  restitution. 
This  led  to  the  idea  of  perfectly  elastic  bodies — bodies 
competent  to  restore  by  their  recoil  the  whole  of  the 
motion  which  they  possessed  before  impact. 

Hence  arose  the  idea  of  the  cotiseirvation  of  force,  as 
opposed  to  that  destruction  of  force  which  was  supposed 
to  occur  when  unelastic  bodies  met  in  collision. 

We  now  know  that  the  principle  of  conservation  holds 
equally  good  with  elastic  and  unelastic  bodies.  Perfectly 
elastic  bodies  develop  no  heat  on  collision.  They  retain 
tlieir  motion  afterwards,  tliough  its  direction  may  lie 
changed ;  and  it  is  only  when  sensible  motion  is  wholly 
or  partly  destroyed,  that  lieat  is  generated.  This  always 
occurs  in  unelastic  collision,  the  heat  developed  being  the 
exact  equivalent  of  the  sensible  motion  extinguished. 
This  heat  virtually  declares  that  the  property  of  elasticity, 
denied  to  the  masses,  exists  among  their  atoms ;  and  by 
the  recoil  and  oscillation  of  these  the  principle  of  conser- 
vation is  vindicated. 

But  ambiguity   in  tlie  use   of  the  term  'force'  ha 
been  tiir  some  time  more  and  more  making  itself  felt. 
We  called  the  attraction  of  gravity  a  force,  without 
reference  to  motion.     A  body  resting  on  a  shelf  is  aa^ 
much  pulled  by  gravity  as  when,  after  having  been  piushe 
oflF  the  shelf,  it  falls  towards  the  earth.     We  applied 
term  force  also  to  that  molecular   attraction    which 
called   chemical   affinity.     When,  however,  we  spoke 
the  conservation  of  force,  in  the  case  of  elastic  collisia 
we  meant  neither  a  pull  nor  a  push,  which,  as  just  in- 
dicated, might   be  exerted    upon    inert  matter,  but 
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niiant  the  moving  force,  if  I  may  use  the  term,  of  the 
«>lli'lir)gf  masses. 

WL^it  I  have  called  moving  force  has  a  definite  me- 
dical measure,  in  the  amount  of    work  that  it  can 
[form.     The  simplest  form  of  work  is  the  raising  of  a 
bt,     .\  man  walking   up-hill,   or   up-stairs,   with   a 
weight  in  his  hand,  to  an  elevation  say  of  sixteen 
,  performs  a  certain  amount  of  work,  over  and  above 
lifting  of  his  own  body.     If  he  ascend  to  a  heiglit  of 
ty-two  feet,  he  does  twice  the  work  ;  if  to  a  heiglit  of 
ty-«ight   feet,  he  does   three   times  the  work;    if  to 
ity-four  feet  he  does  four  times  the  work,  and  so  on. 
moreover,  he  carries  up  two  pounds  instead  of  one, 
er  things  being  equal,  he  does  twice  the  work ;  if 
four,  or  five  pounds,  he  does  three,  four,  or  five 
the  work.     In  fact  it  is  plain  that  the  work  per- 
depends  on  two  factors,  the  weight  raised  and  the 
Ebt  to  which  it  is  raised.     It  is  expressed  by  the  pro- 
.  of  these  two  factors. 

But  a  body  may  be  caused  to  reach  a  certain  elevation 
I  opposition  to  the  force  of  gravity,  without  being  actually 
ird  up  to  that  elevation.  If  a  hodman,  for  example, 
to  land  a  brick  at  an  elevation  of  sixteen  feet 
the  place  where  he  stood,  he  would  probably  pitch 
op  to  the  bricklayer.  He  would  thus  impart,  by  a 
effort,  a  velocity  to  the  brick  sufficient  to  raise  it 
e  required  height ;  tlie  work  accomplished  by  that 
being  precisely  the  same  as  if  he  had  slowly  carrietl 
brick.  The  initial  velocity  to  be  imparted,  in  this 
^is  well  known.  To  reach  a  height  of  sixteen  feet, 
the  brick  must  quit  the  man's  hand  with  a  velocity  of 
thirty-two  fe«t  a  second.  It  is  needless  to  say,  that  a 
Uxly  starting  with  any  velocity,  would,  if  wholly  unop- 
poeed  or  unaided,  continue  to  move  for  ever  with  the 
same  velocity.     But  when,  as  in  the  case  before  us,  the 
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body  is  thrown  upwards,  it  moves  in  opposition  to  gravit 
which  incessantly  retards  its  motion,  and  finally  brings  H 
to  rest  at  an  elevation  of  sixteen  feet.     If  not  here  cau 
by  the  bricklayer,  it  would  return  to  the  hodman  with  : 
accelerated  motion,  and  reach  his  hand  with  the  pre 
velocity  it  possessed  on  quitting  it. 

Supposing  the  man  competent  to  impart  to  tlie  brickT 
at  starting,  a  speed  of  sixty-four  feet  a  second,  or  twice 
its  former  speed,  would  the  amount  of  work  performed  in 
this  effort  be  only  twice  what  it  was  in  the  first  instance  ? 
No;  it  would  be  four  times  that  quantity.  A  body 
starting  with  twice  the  velocity  of  another,  will  rise  to 
four  times  the  height;  in  like  manner,  a  three-fold 
velocity  will  give  a  nine- fold  elevation,  a  four-fold  velocity 
will  give  a  sixteen-fold  elevation,  and  so  on.  The  height 
attainefl,  then,  or  the  work  done,  is  not  proportional 
to  the  velocity,  but  to  the  square  of  the  velocity.  As 
before,  the  work  is  also  proportional  to  the  weight 
elevated.  Hence  the  work  which  any  moving  mass 
whatever  is  competent  to  perform,  by  the  motion  which 
it  at  any  moment  possesses,  is  jointly  proportional  to 
its  weight  and  the  square  of  its  velocity.  Here,  then, 
we  have  a  second  measure  of  work,  in  which  we  simply 
translate  the  idea  of  height  into  its  equivalent  idea  of 
motion. 

In  mechanics,  the  product  of  the  mass  of  a  mo\ing 
body  into  the  square  of  its  velocity,  expresses  what  is 
called  the  vis  viva,  or  living  force.  It  is  also  sometimes 
called  the  '  mechanical  effect.'  If,  for  example,  a  cannon 
pointed  to  the  zenith  urge  a  ball  upwards  with  twic«  tl 
velocity  imparted  to  a  second  ball,  the  former  will  rise 
four  times  the  height  attained  by  the  latter.  If  clirected_ 
against  a  target,  it  will  also  do  foiu:  times  the  exe 
tion.  Hence  the  importance  of  imparting  a  high  velocit 
to  projectiles  in  war.     Having  thus  cleared  our  way  to  ( 
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fectly  definite  conception  of  the  ifia  vi/va  of  moving 

we  are  prepared  for  the  announcement  that  the 

generated  by  the  shock  of  a  falling  body  against  the 

tb  is  proportional  to  the  via  v!/va   annihilated.     In 

It  of  fact,  it  is  not  an  annihilation  at  all,  but  a  trans- 

ence  of  via  viva  from  the  mass  to  its  ultimate  particles. 

,  as  we  now  learn,  is  proportional  to  the  square  of 

'  velocity.     In  the  case,  therefore,  of  two  cannon-balls 

equal  weight,  if  one  strike  a  target  with  twice  the 

city  of  the  other,  it  will  generate  four  times  the  heat ; 

f  willi  three  times  the  velocity,  it  will  generate  nine  times 

heat,  and  so  on. 

Xlr.  Joule  has  shown  that  in  falling  from  a  height  of 
12  feet,  a  body  will  generate  an  amount  of  heat  sufficient 
I  laiae  its  own  weight  of  water  one  degree  Fahrenheit 
I  temperature.  We  hare  here  the  mechanical  equivalent 
fbest.  Now,  a  body  falling  from  a  height  of  772  feet, 
opoa  striking  the  earth,  a  velocity  of  223  feet  a 
! ;  and  if  this  velocity  were  imparted  to  a  body,  by 
■  other  means,  the  quiujtity  of  heat  generated  by  the 
of  its  motion  would  be  that  stated  above.  Six 
that  velocity,  or  1,338  feet,  would  not  be  an  in- 
ordinate one  for  a  cannon-ball  as  it  quits  the  gim.  Hence, 
a  cuinon-ball  moving  with  a  velocity  of  1,338  feet  a  second, 
would,  by  collision,  generate  an  amount  of  heat  competent 
t«  laise  its  own  weight  of  water  36  degrees  Fahrenheit  in 
temperature.  If  composed  of  iron,  and  if  all  the  heat 
generated  were  concentrated  in  the  ball  itself,  its  tempc- 
latore  would  be  raised  about  360  degrees  Fahrenheit ; 
bneaoie  one  degree  in  the  case  of  water  is  eqiuvalent  to 
■boat  ten  degrees  in  the  case  of  iron.  In  artillery  prac- 
tice, the  lieat  generated  is  usually  concentrated  upon  the 
front  of  the  bolt,  and  on  the  portion  of  the  target  first 
struck.  By  this  concentration  the  heat  developed  be- 
comes sufficiently  intense  to  raise  the  dust  of  the  metal 
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to  incandescence,  a  flash  of  light   often   accompanying 
collision  with  the  target. 

Let  us  now  fix  our  attention  for  a  moment  on  the 
gunpowder  which  urges  the  cannon-ball.  This  is  com- 
posed of  combustible  matter,  which  if  burnt  in  the  open 
air  would  yield  a  certain  amount  of  heat.  It  will  not 
yield  this  amount  if  it  perform  the  work  of  urging  a 
ball.  The  heat  then  generated  by  the  gunpowder  will 
fall  short  of  that  produced  iu  the  open  air,  by  an  amount 
equivalent  to  the  vis  viva  of  the  ball ;  and  this  e: 
amount  is  restored  by  the  ball  on  its  collision  with  thi 
target.  In  this  perfect  way  are  heat  and  mechanical 
motion  connected. 

Broadly  enunciated,  the  principle  of  the  conservation 
of  force  asserts,  that  the  quantity  of  force  iu  the  uni- 
verse is  as  iraalterable  as  the  quantity  of  matter ;  that 
it  is  alike  impossible  to  create  force  and  to  annihilate  it. 
But  iu  what  sense  are  we  to  imderstand  this  assertion  ? 
It  would  be  manifestly  inapplicable  to  the  force  of  gravity 
as  defined  by  Newton  ;  for  tliisis  a  force  varying  inversely 
as  the  square  of  the  distance ;  and  to  affirm  the  con- 
stancy of  a  varying  force  woidd  be  self-contradictory. 
Yet,  when  the  question  is  properly  understood,  ^avity 
forms  no  exception  to  tlie  law  of  conservation.  Follow- 
ing the  method  pursued  by  Helmholtz,  I  will  here  at- 
tempt an  elementary  exposition  of  this  law.  Though 
destined  in  its  applications  to  produce  momentous 
changes  in  human  thought,  it  is  not  difficult  of  compn 
bension. 

For  the  sake  of  simplicity  we  will  consider  a  partii 
of  matter,  which  we  may  call  y,  to  be  perfectly  fin 
and  a  second  movable  particle,  D,  placed  at  a  distam 
from  F.     We  will  assume  that  these  two  particles  att: 
each  other  according  to  the  Newtonian  law.     At  a  cert- 
distance,  the  attraction  is  of  a  certain  definite  amo 
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aich  migbt  be  determined  by  means  of  a  spring  balance. 
At  balf  this  distance  the  attraction  would  be  augmented 
{bur  times;  at  a  third  of  the  distance,  nine  times;  at 
one-fourth  of  the  distance,  sixteen  times,  and  so  on.  In 
every  case,  the  attraction  might  be  measiured  by  deter- 
mining, with  the  spring  balance,  the  amount  of  tension 
jiist  siiflBcient  to  prevent  n  from  moving  towards  f. 
Thus  far  we  have  nothing  whatever  to  do  with  motion  ; 
we  deal  with  statics,  not  with  djniamics.  We  simply 
take  into  accoimt  the  distance  of  d  from  v,  and  the  pull 
exerted  by  gravity  at  that  distance. 

It  is  customary  in  mechanics  to  represent  the  magni- 
tude of  a  force  by  a  line  of  a  certain  length,  a  force  of 
double  magnitude  being  represented  by  a  line  of  double 
length,  and  so  on.     Placing  then  the  particle  n  at  a  dis- 
tance from   F,  we  can,  in  imagination,  draw  a  straight 
line  from  d  to  F,  and  at  d  erect  a  j>erpendicular  to  this 
line,  which  sliall  represent  the  amount  of  the  attraction 
exerted  on  d.     If  d  be  at  a  very  great  distance  from  f,  the 
attraction  will  be  very  small,  and  the  perpendicular  conse- 
quently very  short.     If  the  distance  be  practically  infinite, 
^le  attraction  is  practically  7w7.  Let  us  now  suppose  at  every 
^Knt  in  the  line  joining  F  and  d  a  perpendicular  to  be 
erected,  proportional  in  length  to  the  attraction  exerted 
_ttt   that   point ;  we  thiis  obtain   an  infinite   number  of 
■erpendiculars,  of  gradually  increasing  length,  as  d  ap- 
proaches F.     Uniting  the  ends  of  all  these  perpendiculars, 
we  obtain  a  curve,  and  between  this  curve  and  the  straight 
line  joining  F  and  n  we  have  an  area  containing  all  the 
perpendiculars  placed   side  by  side.     Each  one   of  this 
infinite  series  of  perpendiculars  representing  an  attraction, 
or  tension,  as  it  is  sometimes  called,  the  area  just  referred 
to  represents  the  total  effort  capable  of  being  exerted  by 
the  tensions,  upon  the  particle  i),  during  its  passage  from 
^^  tirst  position  to  F. 
B 
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Up  to  the  present  point  we  have  been  dealing  with 
tenBions,  not  with  motion.  Thus  far  vi«  viva  has  beea, 
entirely  foreign  to  oiu-  contemplation  of  d  and  f.  Let  us 
now  suppose  D  placed  at  a  practically  infinite  distance 
from  F ;  here,  as  stated,  the  pull  of  gravity  would  be 
nothing,  and  the  perpendicular  representing  it  would 
dwindle  to  a  point.  In  this  position  the  sum  of 
tensions  capable  of  being  exerted  on  d  would  be  a  maii*! 
mum.  Let  d  now  begin  to  move  in  obedience  to  the  at-^ 
traction  exerted  upon  it.  Motion  being  once  set  up,  the 
idea  of  vis  viva  arises.  In  moving  towards  f  the  particle 
I)  consumes,  as  it  were,  the  tensions.  Let  us  fix  our  at- 
tention on  D,  at  any  point  of  the  path  over  which  it  is 
moving.  Between  that  point  and  f  there  is  a  quantity  of 
unust'd  tensions ;  Iteyond  that  point  tlie  tensions  have 
been  all  consumed,  but  we  have  in  their  place  an  equiva- 
lent quantity  of  vis  viva.  After  i»  has  passed  any  point, 
the  tension  previously  in  store  at  tliat  point  disappears, 
but  not  witliout  having  addetl,  during  the  infinitely  small 
duration  of  its  action,  a  due  amount  of  motion  to  that 
previously  possessed  by  n.  The  nearer  D  approaches  to  F, 
the  smaller  is  the  sum  of  the  tensions  remaining,  but  the 
greater  is  the  living  force ;  the  farther  d  is  from  f,  the 
greater  is  the  sum  of  the  unconsuinwl  tensions,  and  the 
less  is  the  living  force.  Now  the  principal  of  conservation 
affirms  not  the  constancy  of  the  value  of  the  tensions  of 
gravity,  nor  yet  the  constancy  of  the  vis  viva,  taken 
separately,  but  the  absolute  constancy  of  the  value  of  the 
sum  of  both.  At  the  beginning  the  iris  viva  was  zero, 
and  the  tension  area  was  a  maximum ;  close  to  f  the  vis 
viva  is  a  maximum,  while  the  tension  area  is  zero.  At 
every  other  point,  the  work-producing  power  of  the  particle 
D  consists  in  part  of  vis  viva,  and  in  part  of  tensions. 

If  gravity,  instead  of  lieing  attraction,  were  repulsion, 
tlien,  with  the  particles  in  contact,  the  sum  of  the  tensions 
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between  d  and  f  would  be  a  maximum,  and  the  vis  viva 
zero.  If,  in  obedience  to  the  repulsion,  d  moved  away 
om  F,  I'ia  viva  would  be  generated ;  and  the  farther  D 
itreated  from  F  the  greater  would  lie  its  via  viva,  and 
.be  less  the  amount  of  tension  still  available  for  producing 
otion.  Taking  repulsion  as  well  as  attraction  into 
count,  the  principle  of  the  conservation  of  force  aflBrms 
that  the  mechanical  value  of  the  tensions  and  vires  vivce 
of  the  material  universe,  so  far  aa  we  know  it,  is  a  constant 
quantity.  The  universe,  in  short,  possesses  two  kinds  of 
property  which  are  mutually  convertible  at  an  unvarying 
te.  The  diminution  of  either  carries  with  it  the  en- 
cement  of  the  other,  the  total  value  of  the  property 
imaining  unchanged. 

The  considerations  here  applied  to  gravity  apply 
ually  to  chemicid  affinity.  In  a  mixture  of  oxygen  and 
drogen  the  atoms  exist  apart,  but  by  the  application  of 
proper  means  they  may  be  cau8e<l  to  ruph  together  acros 
e  space  that  separates  them.  \M)ile  this  space  exists,' 
d  as  long  as  the  atoms  have  not  begun  to  move  towards 
ih  other,  we  have  tensions  and  nothing  else.  During 
eir  motion  towards  each  other  the  tensions,  as  in  the 
of  gravity,  are  converted  into  vis  viva.  After  they 
clash  we  have  still  vis  viva^  but  in  another  form.  It  was 
.nslation,  it  is  vibration.  It  was  molecular  transfer,  it 
heat. 
It  is  possible  to  reverse  these  processes,  to  unlock  the 
embrace  of  the  atoms  and  replace  them  in  tlieir  first 
positions.  But,  to  accomplish  this,  as  much  heat  would  be 
required  as  was  generated  by  their  union.  Such  reversals 
ctir  daily  and  hourly  in  nature.  By  the  solar  waves,  the 
ygen  of  water  is  divorced  from  its  hydrogen  in  the 
ves  of  plants.  As  molecular  I'is  viva  the  waves  dis- 
appear, but  in  so  doing  they  re-endow  the  atoms  of  oxygen 
and  hydrogen  with  tension.     The  atoms  are  thus  enaVAed 
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to  recombine,  and  wlieu  tliey  do  so  they  restore 
precise  amount  of  beat  consumed  in  their  separation. 
The  same  remarks  apply  to  the  compound  of  carbon  and 
oxygen,  called  carlionic  acid,  which  is  exhaled  from  oiir 
lungs,  produceti  by  our  fires,  and  found  sparingly  diffused 
everywhere  throughout  the  air.  In  the  leaves  of  pLmts 
the  sunbeams  also  wrench  the  atoms  of  carbonic  acid 
asunder,  and  sacrifice  themselves  in  the  act ;  but  when 
the  plants  are  burnt,  the  amount  of  heat  consumed  in 
their  production  is  restored,  fl 

This,  then,  is  the  rhythmic  play  of  Nature  as  re^rds 
her  forces.  Throughout  all  her  regions  she  oscillates  fron 
tension  to  vis  viva,  from  ui.fi  viva  to  tension.  We  h&'v 
the  same  play  in  the  planetary  system.  The  earth's  orbit 
is  an  ellipse,  one  of  the  foci  of  wliich  is  occupied  by  the 
siui.  Imagine  the  earth  at  the  most  distant  part  of  the 
orbit.  Her  motion,  and  consefjuently  her  vis  viva,  is  then 
a  minimum.  The  planet  rounds  the  curve,  and  begins  its 
approach  to  the  sim.  In  front  it  has  a  store  of  tensions, 
which  is  gradually  consumed,  an  equivalent  amount  a^| 
vis  viva  being  generated.  When  nearest  to  the  sun  the 
motion,  and  consequently  the  via  viva,  reach  a  maximum. 
But  here  the  available  tensions  have  been  used  up.  The 
earth  rounds  this  portion  of  the  curve  and  retreats  froi 
the  sun.  Tensions  are  now  stored  up,  but  vis  viva 
lost,  to  be  again  restored  at  the  expense  of  the  compl 
meutary  force  on  the  opposite  side  of  the  curve.  Thus 
Ijeats  the  heart  of  tlie  universe,  but  without  increase  oi 
diminution  of  its  total  stock  of  force. 

I  have  thus  far  tried  to  steer  clear  amid  confusion,  b; 
fixing  the  mind  of  the   reader   upon   things  ratlier  than 
upon  names.     But  good  names  are  essential ;  and  here, 
as  yet,  we  are  not  provided  with  such.     We  have  had  tl 
force  of  gravity  and  living   force — two  iitterly  distinct 
things.     We  have  had  pulls  and  tensions ;  and  we  might 
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e  had  the  force  of  heat,  the  force  of  light,  the  force  of 
etism,  or  the  force  of  electricity — all  of  which  termd 
ve  been  employed  more  or  less  loosely  by  writers  on 
physiea.  This  confusion  is  liappily  avoided  by  the  intro- 
uction  of  the  term  '  energy,'  which  embraces  both  tenalon 
d  vis  viva.  Energy  is  possessed  by  bfxlies  already  in 
motion  ;  it  is  then  actual,  and  we  agree  to  call  it  actual 
or  dynamic  enerfjy.  It  is  our  old  vis  viva.  On  the 
other  hand,  energy  is  possible  to  bodies  not  in  motion, 
but  which,  in  virtue  of  attraction  or  repulsion,  possess  a 
power  of  motion  which  would  realise  itself  if  all  hindrances 
^*rere  removed.  Looking,  for  example,  at  grjivity ;  a  body 
^Bb  the  earth's  surface  in  a  position  from  which  it  cannot 
'  fiill  to  u  lower  one  possesses  no  energy.  It  has  neither 
^^sotion  nor  power  of  motion.  But  the  same  body  sus- 
^Bended  at  a  height  above  the  earth  has  a  power  of  motion, 
^Hhough  it  may  not  have  exercised  it.  Energy  is  possible 
^^to  such  a  body,  and  we  agree  to  call  this  potential  energy. 
It  consists  of  our  old  tensions.  We,  moreover,  speak  of 
the  conservation  of  energy,  instead  of  the  conservation  of 
■^rce  ;  and  say  that  the  sum  of  tiie  potential  and  <lynamic 
BBnergies  of  the  material  universe  is  a  constant  quantity. 

A  body  cast  upwards  consumes  the  actual  energy  of 

projection,  and  l.iys  up  potential  energy.     When  it  roaches 

its  utmost  height  all  its  actual  energy  is  consumed,  its 

potential   energy   being    then   a  maximum.      \\'hon    it 

urns,  there  is  a  reconversion  of  the  potential  into  the 

iial.     A  pendulum  at  the  limit  of  its  swing  possesses . 

tential  energy  ;  at  the  lowest  point  of  its  arc  its  energ 

aU  actual.     A  patch  of  snow  resting  on  a  mountain 

•pe  has  potential  energy ;  loosened,  and  shooting  down 

an  avalanche,  it  possesses  dynamic  energy.     The  pine- 

s  growing  on  the   Alps   have   potential   energy;  but 

ing   down    the   Hohrinne  of  the   woodcutters   they 

ssess  actual  energy.     The  same  is  true  of  the  mountains 
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themselves.     As  long  as  the  rocks  which  compose  them 
can  fall  to  a  lower  level,  they  possess  potential  energy, 
which   is  converted  into   actual  when  the  frost  rupture 
their  cohesion    and   hands    them    over   to   the   action 
gravity.      The  liammer  of  the  great  bell  of  WestminslerJ 
when   raised  before  striking,  possesses  potential  energy] 
when  it  falls,  the  energy  becomes  dynamic  ;  and  after  the' 
stroke,  we  have  the  rhythmic  play  of  potential  and  dynamic 
in  the  vibrations  of  the  bell.     The  same  holds  good  for 
the  molecular  oscillations  of  a  heated  body.     An  atom 
driven  af^ainst  its  neighbour,  and  recoils.     The  ultimat 
amplitude  of  the  recoil  being  attained,  the  motion  of  the 
atom  in  that  direction  is  checked,  and  for  an  instant  it 
energy    is   all    potentiid.     It  is  then  drawn  towards    ita' 
neighhour    with    accelerated    speed;    thus,  by  attraction, 
converting  its  potential  into  dynamic  energy.     Its  motion 
ill  this  direction  is  also  finally  checked,  and  again,  for  an 
iustaul,  its  energy  is  all  potential.     It  once  more  retreata,^^ 
converting,  by  repulsion,  its  potential  into  dynamic  energy^f 
till  the  latter  attains  a  maximmn,  after  which  it  is  again 
changed  into  potential  energy.     Thus,  what  is  true  of  the 
earth,   as   she   swings   to   and  fro  iu  her  yearly  joume 
round  the  sun,  is  also  true  of  her  minutest  atom.     W( 
have  wheels  within  wheels,  and  rhythm  within  rhythm. 

When  a  body  is  heated,  a  change  of  molecular  arrange- 
ment always  occurs,  and  to  produce  this  change  heat 
consumed.     Hence,  a  portion  only  of  the  heat  communi- 
cated to  the  body  remains  as  dynamic  energy.     Looking 
back  on  some  of  the  statements  made  at  the  beginning  of 
this  article,  now  that  our  knowledge  is  more  extensive,  wsl 
see  the  necessity  of  qualifying  them.     When,  for  example^" 
two  bodies  clash,  heat  is  generated ;  but  the  beat,  or  mole- 
cular dynamic  energy,  developed  at  the  moment  of  col 
sion,  is  not  the  eqiuvalent  of  the  sensible  dynamic  energ 
destroyed.      The   true   equivalent  is  this  heat,  plus  tbi 
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^Hotential  energy  conferred  upon  the  molecules  by  the 
^^lacing  of  greater  distances  between  them.  This  mole- 
cular potential  energy  is  afterwards,  on  the  cooling  of  the 
body,  converted  into  heat. 
^H  Wherever  two  atoms  capable  of  uniting  together  by 
^Hieir  mutual  attractions  exist  separately,  they  form  a 
^Kore  of  potential  energy.  Thus  our  woods,  forests,  an<t 
^c«il-fields  on  the  one  liaud,  and  our  atmospheric  oxygen 
n  the  other,  constitute  a  vast  store  of  energy  of  this  kind 
vast,  but  far  from  infinite.  We  have,  besides  our  coal- 
Ids,  metallic  bodies  more  or  less  sparsely  distributed 
rougli  the  earth's  crust.  These  bodies  can  be  oxydised ; 
d  hence  they  are,  so  iar  as  they  go,  stores  of  potential 
icrgy.  But  the  attractions  of  the  great  mass  of  the 
ii's  crust  are  already  satisfied,  and  from  them  no  fur- 
er  energy  can  possibly  be  obtained.  Ages  ago  the  ele- 
itary  constituents  of  our  rocks  clashed  together  and 
wluced  the  motion  of  heat,  which  was  taken  up  by  the 
ther  and  carried  away  through  stellar  space.  It  is  lost 
for  ever  as  far  as  we  are  concerned.  In  those  ages  the  hot 
conflict  of  carbon,  oxygen,  and  calcium  produced  the  chalk 
and  limestone  hills  which  are  now  cold ;  and  from  this 
corboo,  oxygen,  and  calcium  no  further  energy  can  be 
derived.  So  it  is  with  almost  all  the  other  constituents 
of  the  earth's  crust.  They  took  their  present  form  in 
obedience  to  molecular  force  ;  they  tiumed  their  potential 
energy  into  dynamic,  and  gave  it  to  the  imiverse,  ages 
before  man  appeared  upon  this  planet.  For  him  a  residue 
of  potential  energy  remains,  vast,  truly,  in  relation  to  the 
life  and  wants  of  an  individual,  but  exceedingly  minute  in 
comparison  with  the  earth's  primitive  store. 

To  sum  up.  The  whole  stock  of  energy  or  working- 
power  in  the  world  consists  of  attractions,  repulsions,  and 
motions.  If  the  attractions  and  repidsions  be  so  circum- 
stanced as  to  be  able  to  produce  motion,  they  are  souiceft 
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of  working-power,  b»it  not  otherwise.  As  stated  a  tnoment ' 
ago,  the  attraction  exerted  between  the  earth  and  a  body 
at  a  distance  from  the  earth's  surface,  is  a  source  of  work- 
ing-power ;  because  the  body  can  be  moved  by  the  attrac- 
tion, and  in  tailing  to  the  earth  can  perform  work.  When 
it  rests  upon  the  earth's  surface  it  is  not  a  source  of  power 
or  energy,  because  it  can  fall  no  farther.  But  though  it 
has  ceased  to  be  a  source  of  energy,  the  attraction  of 
gravity  still  acts  as  a  force,  which  holds  the  earth  and 
weight  togetiier. 

The   same   remarks   apply  to   attracting  atoms   and 
molecules.     As  long  as  distance  separates  them,  they  can 
love  across  it  in  obedience  to  the  attraction;  and  the 
motion  thus  produced  may,  by  proper  appliances,  be  caused 
to    perform  mechanical    work.     When,  for  example,  two 
atoms  of  hydrogen  imite  with  one  of  oxygen,  to    form 
wat^r,    the   atoms  are  first    drawn  towards  each  other- 
tbey  move,    tliey  clash,  and  then  by  virtue  of  their  re 
riliency,  they  recoil  and  quiver.     To  this  quivering  motio 
we  give  the  name  of  heat.    This  atomic  \-ibration  is  mereljl 
the  redistribution  of  the  motion  produced  by  the  chemical 
affinity;    and  this  is   the    only  sense  in  which  chemical 
affinity  can  be  said  to  be  converted  into  heat.     We  muajH 
not  imagine   the  chemical  attraction  destroyed,  or  cot^* 
verted  into  anytliing  else.     For  the  atoms,  when  mutually 
clasped  to  form  a  molecule  of  water,  are  held  together 
the  very  attraction  which  first  drew  them  towards  eaoll 
other.     That  which  has  really  been  expended  is  the  pi 
t«xerted  through  the  space  by  which  the  distance  betwe 
the  atoms  has  l>een  diminisln^d. 

If  this  be  understood,  it  will  be  at  once  seen  tha 
gravity  may,  in  this  sense,  be  said  to  be  convertible  int 
heat ;  that  it  is  in  reality  no  more  an  outstanding  and 
inconvertible  agent,  as  it  is  sometimes  stated  to  be,  tha 
is  chemical  afi&nity.    By  the  exertion  of  a  certain  pi 
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I  eeitain  space,  a  body  is  caused  to  clash  with 
,  eertailt  definite  velocity  against  the   earth.     Heat   is 
ha«by  developed,  and  this  is  the  only  sense  in  which 
gravity  can  be  said  to  be  converted  into  heat.     In  no  case 
■  it  the  force  which  produces  the  motion  annihilated  or 
■ihuged  into  anything  else.     The  mutual  attraction  of 
I  the  earth  and  weight  exists  when  they  are  in  contact,  as 
f  f ben  tiey  were  separate  ;  but  the  ability  of  that  attrac- 
tion to  employ  itself  in  the  production  of  motion  does  not 
cost. 

The  transformation,  in  this  csise,  is  easily  followed  by 
tie  mind's  eye.  P'irst,  the  weight  as  a  whole  is  set  in 
notion  by  the  attraction  of  gravity.  This  motion  of  the 
IBM*  is  arrested  by  collision  with  tlie  earth,  being  broken 
Op  into  molecular  tremors,  to  which  we  give  the  name  of 
hat. 

And  when  we  reverse  the  process,  and  employ  those 

tremors  of  heat  to  raise  a  weight,  which  is  done  through 

the  intermediation  of  an  elastic  fluid  in  the  steam-engine, 

<  certain  definite  portion  of  the  molecular  motion  is  con- 

I  iiDied.     Id  this  sense,  and  in  this  sense  only,  can  the  heat 

1 1*  said  to  be  convert«d  into  gravity ;  or,  more  correctly, 

I  into  potential  energy  of  gravity.     Here  the  destruction 

the  heat  has  created  no  iieio  attraction ;  but  the  old 

lUraction  has  conferred  upon  it  a  power  of  exerting  a 

in  definite  pull,  between  the  starting-point  of  the 

illjng  weight  and  the  earth. 

When,  therefore,  writers  on  the  conservation  of  energy 

,  jpeak  of  tensions  being  '  consumed '  and  '  generated,'  they 

^o  not  mean  thereby  that  old  attractions  have  been  anni- 

ilated,  and  new  ones  brought  into  existence,  but  that, 

the  one  case,  the  power  of  the  attraction  to  produce 

lotion  ha«  been  diminished  by  the  shortening  of  the  dis- 

Iwlween  the  attracting  bodies,  while,  in  the  other 

the  power  of  producing  motion  has  been  augmeuled 
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l)y  the  increase  of  the  distance.     These  remarks  applr  Ui 
all  bodies,  whether  they  be  sensible  masses  or  moleculi-s. 

Of  the  inner  equality  that  enables  matt<?r  to  attiacl 
matter  we  know  nothing ;  and  the  law  of  consen'ation 
makes  no  statement  regarding  that  quality.  It  takes  the 
facts  of  attraetioQ  as  they  strand,  and  affirms  only  the 
constancy  nf  worl  *  ""'lat   power  may  exist  in 

the  form  of  moth  SbI  in  the  form  of  fobci, 

irlth  distance  to  iTIio  former  is   dynamic 

energy,  the  lattei  rgy,  the  constancy  of  tbc 

sum   of  I  mill   liei  (he  law   of  ■  conaervatititi. 

The  convert  ibilit'  iBconsistB  solely  in  tran*- 

formatioris  of  dy  |ial,  and  of  putentifil  ioW 

dynamic  energy.  p&o  has  the  convertibilitr 

of  force  any  acieniiuu  mv.., — ^. 


From  the  writings  and  conversation  of  distinguished 
men  I  learned,  that  the  notion  of  gravity  being  an  out- 
standing force,  entirely  inconvertible,  was  prevalent  among 
them.  Hence  the  origin  of  the  foregoing  exposition. 
Grave  errors  have,  indeed,  been  entertained,  as  to  what  is 
leally  intended  to  be  eonser\ed  l>y  the  doctrine  of  con- 
bcrvation,     November  1875. 


RADIATION. 

1805, 

1,   Visible  and  Invisible  Radiation. 

BETWEEN  the  mind  of  man  nod  the  outer  world  are 
interposed  the  ner\'es  of  the  btimuu  body,  wliich 
translate,  or  enable  the  mind  to  translate,  the  impressions 
of  that  world  into  facts  of  consciousness  and  thought. 

Different  nerves  are  suited  to  the  perception  of 
Jifferent  impressions.  We  do  not  see  with  the  ear,  nor 
mr  with  the  eye,  nor  are  we  rendered  sensible  of  sound 
r  the  nerves  of  the  tongue.  Out  of  the  general  assemblage 
'  physical  actions,  each  nerve,  or  group  of  uers'es,  selects 
and  responds  to  those  for  the  perception  of  which  it  is 
tpecially  organised. 

The  optic  nerve  passes  from  the  bruin  to  the  back  of 
eyeball  and  there  spreads  out,  to  form  the  retina,  a 
eb  of  nerve  filaments,  on  which  the  images  of  external 
bjects  are  projected  by  the  optical  portion  of  the  eye. 
lis  nerve  is  limited  to  the  apprehension  of  the  phe- 
[>mena  of  radiation,  and,  notwithstanding  its  marvellous 
asibility  to  ceitain  impressions  of  this  class,  it  is 
Dgularly  obtuse  to  other  impressions. 

Nor  does  the  optic  nerve  embrace  the  entire  range 
ren  of  radiation.     Some  rays,  when  they  reach  it,  are 
^ncompetent  to  evoke  its  power,  while  others  never  reach 
at  all,  being  absorbed  by  the  humours  of  the  eye,     To 
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all  rays  which,  whether  they  reach  the  retina  or  not,  fail 
to  excite  vision,  we  give  the  name  of  invisible  or  obscure 
rays.  All  non-luminous  bodies  emit  such  rays.  There 
is  no  body  in  nature  absolutely  cold,  and  every  l)ody  not 
absolutely  cold  emits  rays  of  heat.  But  to  render  radiant 
heat  fit  to  afifect  the  optic  nerve  a  certain  temperature  is 
necessary.  A  cool  poker  thrust  into  a  tire  remains  dark 
for  a  time,  but  when  its  temperature  has  becoiue  equnl 
to  that  of  the  surrounding  coals,  it  glows  like  them.  In 
like  manner,  if  a  current  of  electricity,  of  gradually  in- 
creasing strength,  be  sent  through  a  wire  of  the  refractory 
metal  platinum,  the  wire  first  becomes  sensibly  warm  to 
the  touch  ;  for  a  time  its  heat  augments,  still  however 
remaining  obscure ;  at  length  we  can  no  longer  touch  the 
metal  with  impunity ;  and  at  a  certain  definite  temper- 
atiure  it  emits  a  feeble  red  light.  As  the  current  aug- 
ments in  power  the  light  augraeuts  in  brilliancy,  until 
finally  the  wire  appears  of  a  dazzling  white 
wiiich  it  now  emits  is  similar  to  that  of  the  sun 

By  means  of  a  prism  Sir  Isaac  Newton  uiiravelled  tUi 
texture  of  solar  light,  aud  by  the  same  simple  instrumen 
we  can  investigate  the  luminous  changes  of  our  platinum 
wire.     In    passing  through   the  prism  all  its  rays  (aodH 
tliey  are  infinite  in  variety)  are  Ixsnt  or  refracted  from^ 
their  straight  coiu-se ;  and,  as  different  rays  are  differently 
refracted  by  the  prism,  we  are  by  it  enabled  to  separat^^ 
one  class  of  rays  from  another.     By  sucii  prismatic  analy- 
sis Dr.  Draper  has  shown,  tluit  when  the  platinum  wir 
first  begins  to  glow,  the  light  emitted  is  sensibly  red. 
the  glow  augments  the  red  becomes  more  brilliant,  but 
the  same  time  orange  rays  are  added  to  the  omission.^ 
Augmenting  the  temperature   still  further,   yellow   raya 
appear  beside  the  orange  ;  after  the  yellow,  green  rays  ; 
emitted ;  and  after  the  green  come,  in   succession,  blue 
indigo,  and  violet  rays.     To  display  all  these  colours 
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le  same  time  the  platinum  wire  must  be  white-hot:  tl»e 
impression  of  whiteness  lieiug  in  fact  produced  by  the 
simultaneous  action  of  all  these  colours  on  the  optic  nerve. 
In  the  experiment  just   described  we  began  with   a 
itiuum  wire  at  an  ordinary  temperature,  and  gradually 
it  to  a  white  beat.     At  the  beginning,  and  even 
Ijefore  the  electric  current  had  acted  at  all  upon  the  wire, 
it  emitted  invisible  rays.     For  some  time  after  the  action 
of  the  current  had  commenced,  and  even  for  a  time  after 
the  wire  had  become  intolerable  to  the  touch,  its  radia- 
tion was  still  invisible.     The  qnostion  now  arises,  What 
becomes  of  tliese  invisible  riiys  when    the    visible    ones 
make  their  appearance  ?     It  will  be  proved  in  the  sequel 
that  they  maintain  themselves   in  the  radiation ;  that  a 
^ray  oDce  emitted  continues  to  be  emitted  when  the  tem- 
^■Tature  is  increased,  and  hence  the  emission  from  our 
■  platinum  wire,  even  when  it   has  attained  its  inaxiraum 
^^illiancy,   consists  of  a  mixture  of  visible  and  invisible 
^Bj^8.     If,  instead  of  the  platinum  wire,  the  earth  itself 
^Kre  raised  to  incandescence,  the  obscure  radiation  which 
flF  now  emits  would  continue  to  be  emitted.     To  reach 
incandescence  the  planet  would  have  to  pass  through  all 
the  stages  of  non-luminous  radiation,  and  the  Bnal  emis- 
sion wotdd  embrace  tlie  rays  of  all   these  stages.     There 
^Mii  hardly  be  a  doubt  tliat  from  the  sun  itself,  raj'S  pro- 
^Hfed  similar  in  kind  to  those  which  the  dark  earth  pours 
lughtly  into  space.     In  f\»ct,  the  various  kinds  of  obscure 
tays  emitted  by  all  the  planets  of  our  system  are  included 
in  the  present  radiation  of  the  sun. 

The  great  pioneer  in  this  domain  of  science  was  Sir 
William  Herschel.  Causing  a  beam  of  solar  light  to  pass 
through  a  prism,  he  resolved  it  into  its  coloured  consti- 

tnts;  he  formed  what  is  technically   called  the  solar 
ctrim[i.      Exposing   thermometers   to    the    successive 
colours  he  determined  their  heating  power,  and  foimd  it 
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to  augment  from  the  violet  or  most  refracted  end,  to  the 
red  or  least  refracted  end  of  the  spectrum.  But  he  did 
not  stop  here.  Pushing  his  thermometers  into  the  dark 
space  beyond  the  red  he  found  that,  though  the  light 
had  disappeared,  the  radiant  heat  falling  on  the  in: 
ments  was  more  intense  than  that  at  any  visible  part 
the  spectrum.  In  fact,  Sir  William  Herschel  showed, 
and  his  results  have  been  verified  by  various  philosophers 
since  his  time,  that,  Viesides  its  luminous  rays,  the  sim 
pours  forth  a  multitude  of  other  rays,  more  powerfully 
calorific  than  the  luminous  ones,  but  entirely  unsuited  to 
the  pui^poses  of  vision. 

At  the  less  refrangible  end  of  the  solar  spectrum,  tb 
the  range  of  the  sun's  radiation  is  not  limited  by  that 
the  eye.  The  same  statement  applies  to  the  morerefmnj 
ible  end.  Ritter  discovered  the  extension  of  the  spe^ 
trum  into  the  invisible  region  beyond  the  violet ;  and,  in 
recent  times,  this  ultra-violet  emission  has  had  peculiar 
interest  conferred  upon  it  by  the  admirable  researches  of 
Professor  Stokes.  The  complete  spectrum  of  the  sun 
consists,  therefore,  of  three  distinct  parts  : — first,  of  nitra- 
ted rays  of  high  heating  power,  but  imsuited  to  the  pur-^ 
poses  of  vision ;  secondly,  of  luminous  rays  which  displal 
the  succession  of  colours,  rctl,  orange,  yellow,  gi'een,  blui 
indigo,  violet ;  thirdly,  of  ultra-violet  rays  which,  like  tb 
ultra-red  ones,  are  incompetent  to  excite  vision,  but  which, 
nnlike  the  ultra-red  rays,  possess  a  very  feeble  heati: 
power.  In  consequence,  however,  of  their  chemical  enerj 
these  ultra-violet  rays  are  of  the  utmost  importance 
the  organic  world. 
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Origin  and  Cliaracter  of  Radiathn,     The  Aether. 

When  we  see  a  platinum  wire  raised  gradually  to  a 
\f  heat,  and  emitting  in  succession  all  the  colon  s  of  the 
ectrum,  we  are  simply  conscious  of  a  series  of  changes 
the  condition  of  our  own  eyes.  We  do  not  see  the 
nrtifing  in  which  these  successive  colours  originate,  but  the 
minii  irresistibly  infers  that  the  appearance  of  the  colours 
wnesponds  to  certain  contemporaneous  changes  in  the 
I  tire.  Wliat  is  the  nature  of  these  changes?  In  virtue 
f  !  it  condition  does  the  wire  radiate  at  all  ?  We  must 
■>  I  'ok  from  the  wire,  as  a  whole,  to  its  constituent  atoms. 
Could  we  see  those  atoms,  even  before  the  electric  current 
h«  begun  to  act  upon  them,  we  sliould  find  tbem  in  a 
'.  of  vibration.  In  this  vibration,  indeed,  consists  such 
Dth  38  the  wire  then  possesses.  Locke  enunciated  this 
J  with  great  precision,  and  it  has  been  placed  beyond  the 
Je  of  doubt  by  the  excellent  quantitative  researches  of 
Hr.  Joule.  '  Heat,'  says  Locke, '  is  a  very  brisk  agitation 
Fthe  insensible  parts  of  the  object,  which  produce  in  us 
ifleDsation  from  which  we  denominate  the  object  hot : 
lllfaat  in  our  sensations  is  /w(/Y  in  the  object  is  notliing 
motion.^  When  the  electric  current,  still  feeble,  begins 
Epass  through  the  wire,  its  first  act  is  to  intensify  the 
itions  already  existing,  by  causing  the  atoms  to  swing 
Dugh  wider  ranges.  Technically  speaking,  the  ampli- 
'ludet  of  the  oscillations  are  increased.  The  ciu-rent  does 
however,  without  altering  the  periods  of  the  old 
itioDS,  or  the  times  in  which  they  were  executed.  But 
les  intensifying  the  old  vibrations  the  ciu-rent  gene- 
new  and  more  rapid  ones,  and  when  a  certain  de- 
Ite  rapidity  has  been  attained,  the  wire  begins  to  glow. 
The  ooloiu'  first  exhibited  is  red,  which  corresponds  to  the 
lowest  rate  of  vibration  of  which  the  eye  is  able  to  take 
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cognisance.  By  augmenting  the  strength  of  the  electric 
current  more  rapid  vibrations  are  introduced,  and  Qrasra 
raviJ  appear.  A  quicker  rate  of  vibration  produces  yeOoti 
a  still  quicker  green ;  and  by  fiirther  augmenting  th« 
rapidity,  we  puss  through  blue,  indigo,  and  violet,  to  ti» 
extreme  ultru-violet  rays. 

.Such  are  the    '  ' '  '  science  recognises  in  tb« 

wire  itself,  as  co  be  visual  changes  taking 

place  in  the  eye.  tnects  the  wire  with  tbij 

org;in  ?     By  what  end  such  intelligence  ef 

its  varying  condit:  'nerve?     Heat  being,  jw 

defined  by  T^ocke,  agitation  of  the  inten- 

sible  parts  of  an  o  dily  conceivable  that  m 

touchliKj  a  hfate<  fcation  may  commimicat« 

itself  to  till.'  adjacent  nen'es,  suiu  announce  itself  to  them 
as  light  or  heat.  But  the  optic  nerve  does  not  touch  the 
hot  platinum,  and  hence  the  pertinence  of  the  question, 
By  what  agency  are  the  vibrations  of  the  wire  transmitted 
to  the  eye  ? 

The  answer  to  this  question  involves  perhaps  the  most 
important  pliysical  conception  that  the  mind  of  man  has 
yet  achieved :  the  conception  of  a  medium  filling  space 
and  fitted  mechanically  for  the  transmission  of  the  vibra- 
tions of  light  and  heat,  as  air  is  fitted  for  the  transmission 
of  sound.  This  medium  is  called  the  him  iniferous  aether. 
Every  vibration  of  every  atom  of  our  platinum  wire  raises 
in  this  aether  a  wave,  which  speeds  through  it  at  the  rate 
of  18(5,000  miles  a  second.  Tlie  aether  suffers  no  rupture 
of  continuity  at  the  surface  of  the  eye,  the  inter-molecular 
spaces  of  the  various  humours  are  filled  with  it ;  hence 
tlie  waves  generated  by  the  glowing  platinum  can  cross 
these  humours  and  impinge  on  the  optic  nerve  at  the 
back  of  the  eye.  Thus  the  sensation  of  light  reduces  itself 
to  the  communication  of  motion.  Up  to  this  point  we 
deal  with  pure  mechanics ;  but  the  subsequent  translation 
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of  the  shock  of  the  aethereal  waves  into  consciousness 
eludes  the  analysis  of  science.  As  an  oar  dipping  into 
the  Cam  generates  systems  of  waves,  which,  speeding  from 
the  centre  of  disturbance,  finally  stir  the  sedges  ou  the 
river's  bank,  so  do  the  vibrating  atoms  generate  in  the 
surrounding  aether  undulations,  which  finally  stir  the  fila- 
ments of  the  retina.  The  motion  thus  imparted  is  trans- 
mitted with  measurable,  and  not  very  great  velocity  to 
the  brain,  where,  by  a  process  which  science  does  not  even 
tend  to  unravel,  the  tremor  of  the  nervous  matter  is  con- 
verted into  the  conscious  impression  of  light. 

Darkness  might  then  lie  defined  as  aether  at  rest;  light 
aetlier  in  motion.  But  in  reality  the  aether  is  never  at 
rest,  for  in  the  absence  of  light-waves  we  have  heat-wavea 
always  speeding  through  it.     In  the  spaces  of  the  universe 

*th  classes  of  undulations  incessantly  commingle.  Here 
I)  waves  issuing  from  uncounted  centres  cross,  coincide, 
<>ppose,  and  pass  througli  each  other,  without  confusion 
or  ultimate  extinction.  The  waves  from  the  zenith  do  not 
,  jostle  out  of  existence  those  from  the  horizon,  and  every 
l^br  is  seen  across  the  entanglement  of  wave-motions 
^Hftduced  by  all  other  stars.  It  is  the  ceaseless  thrill 
^Hbsed  by  those  distant  orbs  collectively  in  the  aether, 
^^^t  constitutes  what  we  call  the  temperaium  of  space, 
^na  the  air  of  a  room  accommodates  itself  to  the  re<iuire- 

Ientg  of  an  orchestra,  transmitting  each  vibration  of  every 
be  and  string,  so  does  the  inter-stellar  aether  accommo- 
tte  itself  to  the  refjuirements  of  light  and  heat.     Its 
Ives    mingle    in   space    without   disorder,   each    being 
endowed  with  an  individuality  as  indestructible  as  if  it 
Dne  had  disturbed  the  universal  repose. 
All  vagueness  with   regard   to  the  use  of  the    terms 
liation  and  ahaorption  will  now  disappear.     Kadiation 
[the  communication  of  nbratory  motion  to  the  aether  ; 
■d  when  a  body  is  said  to  be  chilled  by  radiation,  as  tot 
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example  the  grass  of  a  meadow  on  a  starlight  uight,  the 
meaning  is,  that  the  molecules  of  the  grass  have  lost  a 
portion  of  their  motion,  by  imparting  it  to  the  medium 
in  which  they  vibrate.  On  the  other  hand,  the  waves  of 
aether  may  so  strike  against  the  molecules  of  a  body 
exposed  to  their  action  as  to  yield  up  their  motion  to 
the  latter ;  and  in  this  transfer  of  the  motion  from  the 
aether  to  the  molecules  consists  the  absorption  of  radiant 
heat.  All  the  phenomena  of  heat  are  in  this  way  re- 
ducible to  interchanges  of  motion;  and  it  is  purely  as 
the  recipients  or  the  donors  of  this  motion,  that  we  our- 
selves become  conscious  of  the  action  of  heat  and  cold. 


i.  The  Atomic  Theory  in  reference  to  the  Aether. 

The  wor<l '  atoms'  has  l>een  more  than  once  employed 
in  this  discourse.  Chemists  have  taught  us  that  all  matter 
is  reducible  to  certaiu  elementary  forms  to  which  they 
give  this  name.  These  atoms  are  endowed  with  powers 
of  mutual  attraction,  and  under  suitable  circumstances 
they  coalesce  to  form  compounds.  Thus  oxygen  and 
hydrogen  are  elements  when  separate,  or  merely  mixed, 
but  they  may  be  made  to  corahine  so  as  to  form  molecides, 
each  consisting  of  two  atoms  of  hydrogen  and  one  of 
oxygen.  In  this  condition  they  constitute  water.  So 
also  chlorine  and  sodium  are  elements,  the  former  a  pun- 
g^ent  gas,  the  latter  a  soft  metal ;  and  they  luiite  together 
to  form  chloride  of  sodium  or  common  salt.  In  the  same 
way  the  element  nitrogen  combines  with  hydrogen,  in  the 
proportion  of  one  atom  of  the  former  to  three  of  the  latter, 
to  form  ammonia,  or  spirit  of  hartshorn.  Pictiu-ing  ID 
imagination  the  atoms  of  elementary  bodies  as  little  spheres, 
the  molecules  of  compound  bodies  must  be  pictured  as 
^ups  uf  such  spheres.     This  is   the  atomic  theory  as 
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alton  conceived  it.  Now  if  this  theory  have  any  foimda- 
ion  in  fact,  and  if  the  theory  of  an  aether  pervading 
space,  and  constituting  the  vehicle  of  atomic  motion,  be 
founded  in  fact,  we  may  assuredly  expect  the  vibrations  of 
elementary  bodies  to  be  profoundly  modified  by  the  act  of 
combination.  It  is  on  the  face  of  it  almost  certain  that 
both  as  regards  radiation  and  absorption,  that  is  to  say, 
both  as  regards  the  communication  of  motion  to  the  aether, 
and  the  acceptance  of  motion  from  it,  the  deportment  of 
the  uncombined  atoms  will  be  diiferent  from  that  of  the 
combined. 

I  We  have  now  to  submit  these  considerations  to  the  only 
by  which  they  can  be  tried,  namely,  that  of  experi- 
it.     An   experiment  is  well  defined  as  a  <juestion  put 

U)  Natiue  ;  but,  to  avoid  the  risk  of  asking  amiss,  we  ought 

to  purify  the  question  from  all  adjimcts  which  do  not 

Bcessarily  belong  to  it.      Matter  has  been  shown  to  be  i 

imposed  of  elementary  constituents,  by  the  compounding 

of  which  all  its  varieties  are  produced.     But,  besides  the 

lemical  unions  which  they  form,  both   elementary  and 

ampound  bodies  can  unite  in  another  and  less  intimate 

way.      By  the  attraction  of  cohesion  gases  and  vapours 

;gregate  to  liquids  and  solids,  without  any  change  of  their 

^shemieal  nature.     We  do  not  yet  know  how  tiie  transmis- 

^ou  of  radiant  heat  may  be  affected  by  the  entanglement 

ne  to  cohesion ;  and,  as  our  object  now  is  to  examine  the 

sfluence  of  chemical  union   alone,  we   shall  render  our 

sriments  more  pure  by  liberating  the  atoms  and  mole- 

les  entirely  from  the  bonds  of  cohesion,  and  employing 

iiem  in  the  gaseous  or  vaporous  form. 

Let  us  endeavour  to  obtain  a  perfectly  clear  meutal 
o  2 
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image  of  thr-  problem  now  before  us.  Limiting  m  the 
first  place  our  f  nquiries  to  the  plienomeaa  of  absorption, 
we  have  to  picture  a  succeaAiou  of  waves  isstuDg  from  a 
radiaut  source  and  passing  tbrough  a  gas ;  some  of  them 
striking  against  the  gaseous  molecules  and  yielding  up 
their  motion  tn  tlie  latter;  others  gliding  round  the  mole- 
cules, or  passing  thro  "  '  sr-molecular  spaces  with- 
out apparent  hindiw  problem  before  as  is  to 
determine  whether  s'l  nlecules  have  any  power 
whatever  to  rtop  the'  t ;  and  if  so,  whether  dif- 
ferent molecules  posw  ;r  in  different  degrees. 

The   source  uf  w.  for  these   experiment* 

is   a    plate    uf    coppe  the   l>ack   of    which  ft 

steady  sheet  «f  flame  i  1  to  play.     On  emergingr 

from  tlie  copper,  tlie  waves,  in  the  first  instance,  pass 
through  a  space  devoid  of  air,  and  tlieu  enter  a  hollow 
glass  cylinder,  three  feet  long  and  three  inches  wide.  The 
two  ends  of  this  cylinder  are  stoj)ped  by  two  plates  of  rock- 
salt,  this  being  tbe  only  solid  substance  which  o&ers  a 
scarcely  sensible  obstacle  to  tlie  passage  of  the  calorific 
waves.  After  passing  through  the  tube,  the  radiant  heat 
falls  upon  the  anterior  face  of  a  thermo-electric  pile,' 
which  iustantly  applies  the  heat  to  tlie  generation  of  an 
electric  current.  Tliis  current  conducted  round  a  mag- 
netic needle  deflects  it,  and  the  magnitude  of  the  deflection 
is  a  measure  of  the  heat  falling  upon  tlie  pile.  This 
famous  instrument,  and  not  an  ordinary  thermometer,  is 
what  we  shall  use  in  these  en<iuiries,  but  we  shall  use  it 
in  a  somewhat  novel  way.  As  long  as  tlie  two  opposite 
faces  of  the  thermo-electric  pile  are  kept  at  the  same  tem- 
perature, no  matter  how  high  that  may  be,  there  is  no 
current  generated.      The  current   is  a  consequence  of  a 

'  Tn  the  Appendix  to  the  first  chnpter  of  '  Heat  as  a  Mode  of  Motion 
the  conslriiotion  of  the  thcrino-elcolric  l>ile  is  fully  explained. 
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fiffeTence  of  temperature  l>etween  the  two  opposite  faces 
the  pile.  Hence,  if  after  the  anterior  face  has  received 
the  heat  from  our  radiating  source,  a  second  source,  which 
Be  may  call  the  compensating  source,  be  permitted  to 
ladiate  against  the  {wsterior  face,  this  latter  radiation  will 
tend  to  neutralise  the  former.  When  the  neutralisation 
is  perfect,  the  magnetic  needle  connected  with  the  pile  is 
no  longer  deflected,  but  points  to  the  zero  of  the  graduated 
role  over  which  it  hangs. 
And  now  let  us  suppose  the  glass  tube,  through  which 
the  waves  from  t!ie  lieated  plate  of  copper,  to  be  es- 
.  by  an  air-pump,  the  two  sources  of  heat  acting  at 
ime  time  on  the  two  opposite  faces  of  the  pile. 
ferfectly  equal  quantities  of  heat  being  imparted  t^>  tlie 
TO  faces,  the  needle  points  to  zero.  Let  .any  gas  be  now 
permitted  to  enter  the  exhausted  tube ;  if  the  molecides 
possexs  any  power  of  intercepting  the  calorific  waves,  the 
equilibrium  previously  existing  will  be  destroyed,  the 
compensating  source  will  triumph,  and  a  deflection  of  the 
magnetic  needle  will  be  the  immediate  consequence.  From 
the  deflections  thus  produced   by  different  gases,  we  can 

Kdily  deduce  the  relative  amounts  of  wave-motion  which 
ir  molecules  intercept. 

In  this  way  the  substances  mentioned  in  the  following 
t^ble  were  examined,  a  small  portion  only  of  each  being 
admitted  into  the  glass  tube.  The  quantity  admitted  was 
Bst  sufficient  to  depress  a  column  of  mercury  associated 
With  the  tube  one  inch  :  in  other  words,  the  gases  were 
examined  at  a  pressure  of  one-thirtieth  of  an  atmosphere. 
The  nimnbers  in  the  table  express  the  relative  amounts 
of  wave-motion  absorbed  by  the  respective  gases,  the 
quantity  intercepted  by  atmospheric  air  being  taken  a"* 
unity. 


tke|aaBtkal 

strictlj 
any  one 

C/)80  unita, 
MM  OBBte.  \Mnt 
of  Ae  maTOMotioa  tbas  ntereefted?  It  is 
l^pBiif  to  tke  lnatiPt  of  the  afanclias  gas.  Throogh 
^1^  «^gen,  hjdrogvn,  sad  uiUugaa,  on  tbe  eootnnr,  the 
^■■rea  of  aether  pan  vitliaat  afaaoqitioa,  and  these  gaaea 
apt  aot  aoMtblT  changed  in  teapentme  br  the  moat 
iiiTiil  calorific  tava.  The  poaitioo  of  nitrooa  oxide  in 
-JM  imgoing  table  is  worthy  of  paitjcular  notice.  In  this 
-^  «e  liave  the  iame  atoms  in  a  state  of  chemical  anioo. 
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that  exist  uncombined  in  the  atmosphere;  but  the  absorp- 
tion of  the  compound  ia  1,800  times  that  of  air. 


5.  Formation  of  InviaHle  Foci. 

This  extraordinary  deportment  of  the  elementary  gasea 
naturally  directed  attention  to  elementary  bodies  in 
other  states  of  aggregation.  Some  of  Melloni's  results 
iOW  attained  a  new  significance ;  for  this  celebrated  ex- 
perimenter had  found  crystals  of  the  element  sulphur  to 
be  highly  pervious  to  radiant  heat ;  he  had  also  proved 
that  lamp-black,  and  black  gla?s,  (which  owes  itfi  blackness 
to  the  element  carbon)  were  to  a  considerable  extent 
I  transparent  to  calorific  rays  of  low  refrangibility.  These 
&ct8,  harmonising  so  strikingly  with  the  deportment  of 
the  simple  gases,  suggested  further  enquiry.  Sulphur  dis- 
|^«olved  in  bisulphide  of  carbon  was  found  almost  perfectly 
^^transparent.  Tbe  dense  and  deeply-coloiu-ed  element 
bromine  was  examined,  and  iuimd  competent  to  cut  off 
the  light  of  our  most  brilliant  flames,  while  it  transmitted 
the  invisible  calorific  rays  with  extreme  freedom.  Iodine, 
tbe  companion  element  of  bromine,  was  next  thought  of, 
but  it  was  found  impracticable  to  examine  tbe  substance 
in  its  usual  solid  condition.  It  however  dissolves  freely 
in  bisulphide  of  carbon.  There  is  no  chemical  union 
between  the  liquid  and  the  iodine;  it  is  simply  a  case  of 
solution,  in  which  tho  uncombined  atoms  of  the  element 
can  act  upon  the  radiant  heat.  When  permitted  to  do  so, 
it  was  found  that  a  layer  of  dissolved  iodine,  sufhciently 
opaque  to  cut  off  the  light  of  the  midday  sun,  was  almost 
absolutely  transparent  to  the  invisible  calorific  rays. 

By  prismatic  analysis  Sir  William  Herschel  separated 
the  luminous  from  tbe  non-luminoiis  rays  of  the  eiui,  and 
ho  also  sought  to  render  the  obscure  rays  visible  by  cou- 
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centratioD.  Intercepting  the  luminous  portion  of  hii 
spectrum  he  brought,  by  a  converging  lens,  the  ultra-r 
rays  to  a  focus,  but  by  this  condensation  be  obtained  do 
light.  The  solution  of  iodine  offers  a  means  of  filtering 
tlie  solar  beam,  or,  failing  it,  the  beam  of  the  electric 
lamp,  which  renders  attainable  far  more  powerful  foci 
invisible  rays  than  could  possibly  be  obtained  by  the 
method  of  Sir  William  llerscliel.  For  to  form  his  spec- 
trum he  was  obliged  to  operate  upon  solar  light  which 
had  passed  through  a  narrow  slit  or  through  a  (■mall 
aperture,  the  amoimt  of  the  obscure  heat  being  Umital 
by  this  circumstance.  But  with  our  opaque  solution 
we  may  euiploy  the  entire  surface  of  the  largest  lens, 
and  liaving  thus  converged  the  rays,  luminous  and  non- 
luminous,  we  can  intercept  the  former  by  the  iodine, 
and  do  what  we  please  with  the  latter.  Experiments  of 
this  charact*'r,  not  only  with  the  iodine  solution,  but  also 
with  hlack  glass  and  layers  of  lamp-black,  were  publicly 
performed  at  the  lioyal  Institution  in  the  early  part  o(fl 
18(52,  and  the  effects  at  the  foci  of  invisible  rays,  then  ob-" 
tainod,  were  such  as  had  never  been  witnessed  previously^ 

In  the  experiments  liere  referred  to,  glass  lenses  we 
employi'd    to   concentrate   the   rays.     But  glass,  thou] 
highly  transparent  to  the  luminous,  is  in  a  high  deg 
opaque  u>  ihe  invisibte,  heat-rays  of  the  electric  lamp,: 
benoe  a  large  portion  of  those  rays  was  intercepted  by  tb 
glass.     The  obvious  remedy  here  is  to  employ  rock-sal? 
lenses  instead  of  glass  ones,  or  to  abandon  the    use   of 
lenses  wholly,  and  to  concentrate  the  rays  by  a  metalU^| 
mirror.      Both  of  these  improvements  have  been  intro- 
duced, and,  as  anticipated,  the  invisilile  foci  have  been 
thereby  rendered  more  intense.     The  mode  of  operatii 
remains  however  the   same,  in    principle,  as    that    maO 
known  in  1862.     It  was  then  found  that  an  instant's 
posiire  of  the  face  of  the  thermo-electric  pile  to  the  fooj 
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of  invisible  rays,  dashed  the  needles  of  a  coarse  galva- 
nometer violently  aside.  It  is  now  found  that,  on  substi- 
tuting for  the  face  of  the  thermo-electric  pile  a  com- 
bustible body,  the  invisible  rays  are  competent  to  set  that 
body  on  fire. 


6.   Visible  and  Tnvmble  Rays  of  the  Electric  Light. 


f  luminous  rays  of  the  electric  light  bear  to  the  luminous 
ta^oes.  This  the  opaque  solution  of  iodine  enables  us  to  do 
^BKth  an  extremely  close  approximation  to  the  truth.  The 
pure  bisidphide  of  carbon,  which  is  the  solvent  of  the 
iodine,  is  perfectly  transparent  to  the  luminous,  and 
^almost  perfectly  transparent  to  the  dark,  rays  of  the 
^Bectrio  lamp.  Through  the  transparent  bisulphide  the 
'  total  radiation  of  the  lamp  may  be  considered  to  pass, 
while  through  the  solution  of  iodine  only  the  dark  rays 
are  transmitted.  Determining,  then,  by  means  of  a 
thermo-electric  pile,  the  total  radiation,  and  deducting 
from  it  the  purely  obscure,  we  obtain  the  amotmt  of  the 
urely  liuninous  emission.  Experiments,  performed  in 
is  way,  prove  that  if  all  the  visible  rays  of  the  electric 
were  converged  to  a  focus  of  dazzling  brilliancy,  its 
t  would  only  be  one-eighth  of  that  produced  at  the 

focus  of  the  invisible  rays. 

Exposing  his  thermometers  to  the  successive  colours  of 

solar  spectrum.  Sir  William  Herschel  determined  the 

ting  power  of  each,  and  also  that  of  the  region  beyond 

the  extreme  red.     Then  drawing  a  straight  line  to  repre- 

t  the  length  of  the  spectrum,  lie  erected,  at  various 

ints,  perpendiculars  to  represent  the  calorific  intensity 

existing  at   those  points.     Uniting   the   ends  of  all  his 

rpendioulars,  he  obtained  a  curve  which  shovjed  &t  |kj 
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.    Bf  wmitm  of  an  esd- 

I  Mscw,  Kiua  Ummmr  tli»iHMMJagtrie  pile  raa j  be  movvd 
itbecatim  ifi«liiiw,fcoM  the  rmkn  to  the  red, 
It  of  heat  MBag  vpoa  the  pAeat  erety  point 
•f  tto  ■enh,  being  decJeied  br  e  nagnetae  needle  aseo- 
IwxA  the  pile. 

thia  nMtraaent  is  brought  op  to  the  Tiolet  i 
ef  the  ipecunai  of  the  deeCzie  Kgte,  the  heat  ia  found 
he  JtmtmMp      As  the  pile  gndvaSij  moTes  from  the 
iwUtt  end  tonwda  the  red,  heat  soon  maaifeetd  it 

ig  M  ne  appnadi  the  red.  Of  all  the  i 
of  the  viaible  •pectmm  the  red  pomeMca  the  highe 
l^jMating  power,  (hi  pushing  the  pile  into  the  dark  re^on 
the  red,  the  heat,  instead  of  ranishing,  rises  sud- 
denly and  enormoDslj  in  intensitv,  until  ut  some  distance 
l*yond  the  red  it  attains  a  mai^iniuin.  Moving  the  pile 
atill  forward,  the  thermal  power  £\lls,  somewhat  mo 
rapidlj  than  it  rose.  It  then  gradually  shades  away,  bv 
for  a  distance  beyond  the  red  greater  than  the  length  of 
the  whole  virible  spectrum,  signs  of  heat  may  be  detect 

Drawing  a   datum  line,  and  erecting  along   it 
pendiculars,  proportional    in   length   to   the  thermal  in 
ten«ity   at   tlie  respective   points,  we   obtain  the  extra- 
ordinary curve,  shown  on  the  adjacent  page,  which  ex- 
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Iiibits  the   distribution  of  heat  in  tte  spectrum  nt 
electric  light.     In  the   region  of  dark  rays,  beyond 
red,  the  curve  shoots   up   to  B,  in  a  steep  and  naa 
peak — a  kind  uf  Matterhom  of  heat,  which  dwarfs 
portion  of  the  diagram  c  D  e,  representing  the  lumino 
riidiation.     Indeed,  the   idea   forced    upon  the    miud 
tliis  diagram  is  t'    "     "      "  '  '   raya  are  a  mere  insig 
ficant   appendage  -rays   represented    W 

area  A  B  (;  n,  throw  ere  by  nature  for  the 

poses  of  visiiiii. 

The  diaiTram  dn  esBor  Miiller  to  repre 

the  distribiifion  of  solar  spectrum  is  not 

any  means  so  strii  just    described,  and 

roast^n,  doubtless,  U  to  reaching  the  earth  i 

solar  rays  hu\'e  to  traverse  our  atmosphere.  By  th*^ 
acjueous  vapour  there  diffused,  the  summit  of  the  piak 
representing  the  sun's  invisible  radiation  is  cut  off,  A 
similar  lowering  of  the  mountain  of  invisible  beat  is  ol^ 
served  when  the  rays  from  the  electric  light  are  permitted 
to  pass  through  a  (ilm  of  water,  which  acts  upon  them  as 
tlie  atmosplierie  vapour  acts  upon  the  rays  of  the  sun. 


7.  Cuiabaslivii  hi)  Invisible  Rays. 

Tile  sun's  invisible  rays  far  transcend  the  visible  ones 
in  heating  power,  so  that  if  the  alleged  performances  of 
Archimedes  during  the  siege  of  Syracuse  had  any  founda- 
tion in  fact,  the  dark  solar  rays  would  have  been  the  phi- 
losopher's chief  agents  of  combustion.  On  a  small  scale 
we  can  readily  produce,  with  the  purely  invisible  rays  of 
tlie  electric  light,  all  that  Archimedes  is  said  to  have  per- 
formed with  the  sun's  total  radiation.  Placing  behind 
the  electric  light  a  small  concave  mirror,  the  rays  are 
converged,  the  cone  of  reflected   rays  and  their  point  of 
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convergence  being  rendered  clearly  visible  by  the  dust 
always  floating  in  the  air.  Placing  between  the  lu- 
minous focus  and  the  source  of  rays  our  solution  of 
iodine,  the  light  of  the  cone  is  entirely  cut  away ;  but  the 
intolerable  heat  experienced  when  the  hand  is  placed, 
even  for  a  moment,  at  the  dark  focus,  shows  that  the 
calorific  rays  pass  imimpeded  through  the  opaque  solution. 
Almost  anything  that  ordinary  fire  can  effect  may  be 
accomplished  at  the  focus  of  invisible  rays  ;  the  air  at  the 
focus  remaining  at  the  same  time  perfectly  cold,  on  ac- 
count of  its  transparency  to  the  heat-rays.  An  air  ther- 
mometer, with  a  hollow  rock-salt  bidb,  would  be  unaffected 
by  the  heat  of  the  focus :  there  would  be  no  expansion, 
and  in  the  open  air  there  is  no  convection.  The  aether  at 
the  focus,  and  not  the  air,  is  the  substance  in  which  the 
»t  is  embodied.  A  block  of  wood,  placed  at  the  focus, 
orbs  the  heat,  and  dense  volumes  of  smoke  rise  swiftly 
irds,  showing  the  manner  in  which  the  air  itself 
lid  rise,  if  the  invisible  rays  were  competent  to  heat 
At  the  perfectly  dark  focus  dry  paper  is  instautly 
aed :  chips  of  wood  are  spwedily  burnt  up  :  lead,  tin, 
ftd  zinc  are  fused :  and  disks  of  charred  paper  are  raised 
to  vivid  incandescence.  It  might  be  supposed  that  the 
re  rays  would  show  no  preference  for  black  over 
lite  ;  but  they  do  show  a  preference,  and  to  obtain 
id  combustion,  the  body,  if  not  already  black,  ought 
|ibe  blackened.  When  metals  are  to  be  biuiied,  it  is 
sary  to  blacken  or  otherwise  tarnish  them,  so  as  to 
linish  their  reflective  power.  Blackened  zinc  foil, 
en  brought  into  the  focus  of  invisible  rays,  is  instantly 
to  blaze,  and  burns  with  its  peculiar  purple  flame. 
esium  wire  flattened,  or  tarnished  magnesium  ribbon, 
I  atoo  bursts  into  splendid  combustion.  Pieces  of  charcoal 
tended  in  a  receiver  full  of  oxygen  are  also  set  on 
the  dark  rays,  after  having  passed  through  the  le- 
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ceiver.  still  pi^s^ssing  mfficient  power  to  ignite  the  ch 
coal,   and   tli'ts  initiate   the   attack  of  the  oxygeTi. 
instead  of  l"-ing  plunged  in  oxrgen,  tlie  cb&rcoal  be  i 
pt'iided  in  vacuo,  it  immediately  glows  at  the  place  wb 
the  focus  falls. 


8.  Tntiism)  lys:'  Calorescenoe, 

Eminent  expei  i  long  occupied  in  deiiii««  1 

stratintc  the  suhstai  of  light  and  radiant  liejf, 

and  we  have  now  th*  flfering  a  new  and  atrUciiigj 

proof  of  this  i dentitj  h  jolrror  prod uces,  bevtmd  1 

the  oliject  which  it  riBTerted  and   magnifit'd 

ima;Te  of  the  nhjeot;  ig,  for  example,  our  iodise  J 

solution,  an  iiitetselv  luminous  inverted  image  of 
carV)on  points  of  the  electric  light  is  formed  at  the  focusof ' 
the  mirror  erajdoyedin  the  foregoiujir  csperimeuts.  When 
tile  solution  i-  iuti-rposed,  and  the  light  is  cut  away,  what 
hecoines  of  this  iiuage?  It  diwippears  from  sight;  but  so 
invisil)!e  thenititi^raph  remaius,  and  it  is  only  the  peculial 
constitution  uf  mir  eyed  that  disqualifies  us  from  seeing 
tlie  )>icture  furmed  hy  the  calnrific  rays.  Falling  on  white 
pa]>('r,  the  iniuge  cliars  itself  out :  falling  on  hlack  paper, 
two  lioles  are  pierced  in  it.  corresponding  to  the  imager 
of  the  two  coke  points:  hut  fulling  on  a  tidn  plate  of  carloo 
in  vacuo,  or  upon  a  thin  sheet  of  platinised  platinum,  either 
in  vacuo  or  in  air,  radiant  heat  is  converted  into  light, 
and  tlie  image  stamps  itself  in  vivid  incandescence  upon 
hoth  the  carl)on  and  the  metal.  Results  similar  to  thos* 
obtained  with  the  electric  light  have  also  been  obtained 
with  tlie  iuvisil)le  rays  of  the  liuie-light  and  of  the  sun. 

]{i'fi>re  a  t'andiridge  audience  it  is  hardly  necessary  to 
ri^fer  (ci  the  excellent  researclics  of  Professor  .Stokes  at  the 

'   I  licirniu-  this  term  from  Professor  ('h.illis,  '  Philusapliical  Slagiiziuc,' 
}1.  xii.  II.  021. 
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^posite  end  of  the  spectrum.  The  above  results  constitute 
I  kind  of  complement  to  hia  discoveries.  Professor  Stokea 
kuned  the  phenomena  which  he  has  discovered  and  in- 
vestigated Fluorescence ;  for  the  new  phenomena  here 
described  I  have  proposed  the  term  Cidorescence.  He, 
by  the  interposition  of  a  proper  medium,  so  lowered  the 
rtfniu^bility  of  the  ultra-violet  rays  of  the  spectrum  as 
to  render  them  visible.  Here,  by  the  interposition  of  the 
inum  foil,  the  refrangibility  of  the  ultra-red  rays  is 
exalted  as  to  render  them  visible.  Lookinj^  through 
at  the  incandescent  image  of  the  carbon  points, 
light  of  the  image  is  decomposed,  and  a  complete 
trum  obtained.  The  invisible  rays  of  the  electric  light, 
remoulded  by  the  atoms  of  the  platiniun,  shine  thus  visibly 
forth ;  ultra-red  rays  being  converted  into  red,  oninge, 
yellow,  green,  blue,  indigo,  violet,  and  ultra-violet  ones. 
Could  we,  moreover,  raise  the  original  source  of  rays  to  a 
lently  high  temperature,  we  might  not  only  obtain 
the  dark  rays  of  such  a  source  a  single  incandescent 
,  but  from  the  dark  rays  of  this  image  we  might  obtain 
md  one,  from  the  dark  rays  of  the  second  a  third, 
so  on — a  series  of  complete  images  and  spectra  being 
extracted  from  the  invisible  emission  of  the  primitive 
I 


Oa  iBTMtigating  thecaloresreoce  prod  need  by  nyt  transmitted  through 
I  of  vmzioos  colours,  it  irns  fooml  that  in  the  oue  of  cortAin  specinK-iis 
t  gtaM.  the  pUtioum  foil  glowed  irith  a  pitiA-  ur  purp/uh  light.  The 
Dot  anlrjectirv,  and  coD»idenitions  of  obriuus  intereat  are  sug- 
^lafiil  by  it.  Di9<!r•^Dt  kinds  of  block  gbvts  diSer  notjthly  ssto  their  power 
tl  tnoamitting  ndiant  heat.  Id  thin  plntcii  some  descriptions  tint  the  sun 
vith  a  grecmah  hue :  others  make  it  appear  a  glowing  red  without  any 
taea  of  green.  Thtr  Intter  are  far  morr  diathermic  than  the  formor.  In 
tMt,  ourboa  when  perfectly  disoolvod,  and  incorporated  with  n  good  white 
|t—  ia  highly  Ixaiupnrent  to  the  calorific  rayii,  and  by  employing  it  ns  an 
•hHrtant  the  phenomena  of  '  caloresconce '  may  bo  obtained,  though  in  a 
Um  striking  form  than  with  the  iodine.  The  black  glass  chosen  for 
Botors,  and  intended  to  absorb  completely  the  solar  hent,  may  en- 
'  hii  ia  this  object,  if  the  glass  in  which  the  carbon  is  iocorporalud  \m 
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9.  Deadneaa  of  the  Optic  Nerve  to  the  Calorijie  Rayt. 

The  layer  of  iodine  used  in  the  foregoing  experiment* 
intercepted  the  rays  of  the  noonday  sun.  No  trace  of 
light  from  the  electric  lamp  was  \-isible  in  the  darkest  room, 
even  when  a  white  screen  was  placed  at  the  focus  of  the 
mirror  employed  to  concentrate  the  light.  It  was  thoughtf 
however,  that  if  the  retina  itself  were  brought  into  the 
focus  the  sensation  of  light  might  be  experienced.  The 
danger  of  this  experiment  was  twofold.  If  the  dark  ra^bJ 
were  absorbed  in  a  high  degree  by  the  humours  of  the  ef^^ 
the  albumen  of  the  humours  might  coagnUte  along  the 
line  of  the  rays.  If,  on  the  contrary,  no  such  high  absorp- 
tion took  place,  the  rays  might  reach  the  retina  with  a 
force  sufficient  to  destroy  it.  To  test  the  likelihood  of 
these  results,  experiments  were  made  on  water  and  on  a 
solution  of  alum,  and  they  showed  it  to  be  very  improbable 
that  in  the  brief  time  requisite  for  an  experiment  any 
serious  damage  could  be  done.  The  eye  was  therefore 
caused  to  approach  the  dark  focus,  no  defence,  in  the  first 
instance,  being  provided  ;  but  the  heat,  acting  upon 
parts  surrounding  the  pupil,  could  not  be  borne, 
aperture  was  therefore  pierced  in  a  plate  of  metal,  and 
eye,  placed  behind  the  aperture,  was  caused  to  approach 
the  point  of  convergence  of  invisible  rays.  The  focus  was 
attained,  first  by  the  pupil  and  afterwards  by  the  retina. 
Removing  the  eye,  but  permitting  the  plate  of  metal  to 
remain,  a  sheet  of  platinum  foil  was  placed  in  the  position 
occupied  by  the  retina  a  moment  before.     The  platinum 

eoIo>irle».  To  render  the  tulb  of  s  thermometer  a  perfect  nbaorbent,  the 
gU«6  ought  in  the  flnt  instAnce  to  be  green.  Soon  nfter  the  discoreir  of 
RnorsKeoee  the  Inte  Dr.  WillUm  Allen  Miller  pointed  to  the  lime-light 
at  an  illiutrntion  of  exalted  refirangibility.  Direct  «xperimi<nts  hare 
)  ■iiice  entirely  confirmed  the  view  ezpreaied  at  page  210  of  his  work  oa 
*  Chcmi»try,'  paUished  in  185S. 


lore 
first 
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^>»<'afne  red-ffot.  Xo  sensible  damage  was  done  to  the  eye 
by  iliis  experiment ;  no  impression  of  liglit  was  produced; 
the  optic  nerve  was  not  even  conscious  of  heat. 

Bui  the  humours  of  the  eye  are  known  to  be  highly 

hTii»-rvious  to  the  invisible  calorific  rays,  and  the  question 

fort!  arises,  'Did  the  radiation  in  the  foregoing  expe- 

^ment  reach  the  retina  at  all  ? '     The  answer  is,  that  the 

ITB  were  in  part  transmitted  to  the  retina,  and  in  part 

ibsorbed  by  the  humours.     Experiments  on  the  eye  of  an 

t  (bowed  that  the  proportion  of  obscure  rays  which  reached 

be  retina  amounted  to  \H  per  cent,  of  the  total  radiation  ; 

ibile  the  luminous  emission  from  the  electric  light  amounts 

)  DO  more  than  10  per  cent,  of  the  same  total.    Were  the 

purely  luminous  rays  of  the  electric  lamp  converged  by 

our  mirror  to  a  focus,  there  can  be  no  doubt  as  to  the  fate 

[of  3  retina  placed  there.     Its  ruin  would  be  inevitable  ; 

nd  yet  this  woidd  be  accomplished  by  an  amount  of  wave- 

otion  but  little  more  than  half  of  that  which  the  retina 

without  exciting  consciousness,  at  the  focus  of  in- 

litJe  rays. 

This  subject  will  repay  a  moment's  further  attention. 

a  common  distance  of  a  foot  the  visible  radiation  of 

the  electric  light  is  800  tiroes  the  light  of  a  candle.     At 

the  same   distance,  the  pt)rtion  of  the  radiation  of  the 

electric  light  which  reaches  the  retina,  but  fails  to  excite 

vision,  is  a)K)ut  1,500  times  the  luminous  radiation  of  the 

candle.'     Hut  a  candle  on  a  clear  night  can  readily  be 

wen  at  a  distance  of  a  mile,  its  light  at  this  distance 

being  less  than  ,i;sjbs  ^^  ^^  light  at  the  distance  of  a 

foot.     Hence,  to  make  the  candle-light  a  mile  off  equal 

in  power  to  the  non-luminous  radiation  received  from  the 

ctric  light  at  a  foot  distance,  its  intensity  would  liave 

viU  l>«  borne  iu  luiod  that  the  heat  which  »uy  my,  lumiuous  oriiou- 
U  compotent  to  genente  is  thu  txue  meiuiure  of  llie  oncijijr  of  th» 
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to  be  multiplied  by  1,500x20,000,000,  or  by  thirty 
thousand  roillions.  Thus  the  thirty  tbonsand  miUioalJl 
part  of  the  iuviuible  rfuli&tion  from  the  electric  light,  ic 
ceived  hy  the  retioa  at  the  distance  of  a  foot,  would, 
slightly  ehan^'ed  in  character,  he  amply  sufficient  to  pF 
voke  vis^ion.     Nothing  could  mure  forcibly  illustrate  thai 

special   relationship **"''  '~r   Melloni    and    others  to 

subsist  lietwet-nth*  Jid  the  oscillating  jjeri 

of  luminous  bodieg  lerre  responds,  as  it  wet' 

to  the  waves   witi  in  consonance,   while  it- 

refuses  to  be  excit*  r almost  infinitely  greataf 

energy,  wliose  pefi  rence  are  not  in  unison 

<vith  its  own. 


1 0.  PersisT^ncf.  of  Raya. 

At  an  f;irly  pint  of  this  lecture  it  was  affirmed,  that 
when  a  platiruuu  wire  was  gradually  raised  to  a  statt-  uf 
high  iuL-aiidejcence,  new  rays  were  cunstantlv  added, 
while  til.'  in  tensity  of  the  old  ones  was  increased,  Tims, 
in  Dr.  IhaperV  experiments,  the  rise  of  temperature  that 
ifenemffl  the  orange,  yellnw,  green,  and  blue  awjmenttd 
the  intensity  of  the  red.  What  is  true  of  the  red  is  true 
of  every  otlier  my  of  the  sptxHruin,  visible  and  inWsihle. 
We  ea'inut  iudeetl  sfee  the  augmentation  of  intensity  in 
the  regiiiu  beyond  the  red.  but  we  can  measure  it  and 
expre^^  it  numerically.  With  this  view  the  follomng 
experinu-nt  wiis  performed :  A  spiral  of  platinum  wire 
was  surr.iuudfd  liy  a  suiall  glass  glolte  to  protect  it  from 
currents  of  air  :  through  an  orifice  in  tile  globe  the  mrs 
could  j'ass  from  the  spiral  and  fall  afterwards  upon  a 
therm,  i-eleetric  pile.  Placing  in  front  of  the  orifice  an 
opaque  solution  of  iodine,  the  platinum  was  gradually 
raised  from  a  low  ilark  heat  to  the  fullest  incandescence, 
with  the  following  resulta  : — 
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AppMnaoa 
ofiptnl 
Dark 

Dark,  but  hotter    . 
Dark,  but  still  hotter      . 
Dark,  but  still  hotter      . 
Feeble  rtd      .... 
Dull  red         .... 

Red 

Full  red 

Orange 

Bright  orange 

Yellow 202 

White 270 

loteose  white 44U 

Thus  the  augmentation  of  the  electric  current,  which 

ises  the  wire  from  its  primitive  dark  condition  to  an 

intense  white  heat,  exalts  at  tl»e  same  time  the  energy  of 

the  obscure  radiation,  until  at  the  end  it  is  fully  440 

■^unes  what  it  was  at  the  beginning. 

^V     WTiat  has  V)een  here  prove<l  true  of  the  totality  of  the 
[     ultra-red  rays  is  true  for  each  of  them  singly.     Placing 
our  linear  thermo-electric  pile  in  any  part  of  the  ultra-red 
spectriun,  it  may  be  proved  that  a  ray  once  emitted  con- 
tinues to  be  emitted  with  increased  energy  as  the  tem- 
perature is  augmented.      The   platinum  spinil,  so   often 
ferred  to,  being  raised  to  whiteness  by  an  electric  current, 
brilliant  spectrum  was  formed  from  its  liglit.     A  linear 
lenno-electric  pile  was  placed  in  the  region  of  obscure 
ys  beyond  the  red,  and  by  diminishing  the  ciurent  the 
liral  was  reduced  to  a  low  temperature.     It  was  then 
.iised  to  pass  through  various  degrees  of  darkness  and 
ncandescence,  with  the  following  results  : — 
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AppcftroDot 
of  ^piml 

Full  nd 

tlmngo  , 

Yellow  , 

^VUile    . 


Here,  fis  in  the  former  case,  the  dark  and  briglit 
diations  roauhed    *^---   — -J— -^    together;  as   the 
augmented,  the  ot 
of  the  obscure  raj 
choseu,  bec£ime  IS 
a  white  he:it   the  w. 
of  invisible  radiati** 
it  eiiibiace?,  in  an 
stages. 


And   tlms  it  is   wilh 


Hilar  refirangibility  he 
b  was  at  first.    To 
IB  throngh  all  the  stag 
anoBt  brilliant  conditio 
fm,  the  raya  of  alt  tba 

kinds  of  matter,  as  fit 


as  they  have  hitherto  been  examined.      Coke,  whether 
brought  to  a  white  heat  by  the  electric  current,  or  bv 
the  oxyhydrogen  jet,  pours  out   invisible  rays   with  aug- 
mented energy,  as   its   light   is  increased.     The  same  i? 
true  of  lime,  bricks,  and  other  substances.     It  is  true  of 
all  metals  which  are  capable  of  being  heated  to  incan- 
descence.    It  also  holds  good  for  phosphorus  burning  in 
oxygen.      Every    gush    of  dazzling    light  has    associated 
with  it  a  gush  of  invisible  radiant  heat,  which  far  tran- 
scends the    light  in  energy.      This    condition    of  things 
applies  to  all  bodies  capable  of  being  I'aised  to  a  white 
heat,  either  in  the  solid  or   the  molten   condition.      It 
would  doubtless  also  apply  to  the  luminous  fogs  formed 
"iiy  the   condensation    of  incandefcent  vapours.     In   such 
cases  when  the  curve  representing  the  radiant  energy  of 
tlie  body  is  constructed,  the  obscure  radiation  towers  tip- 
wards  like  a  mountain,  the  luminous  radiation  resembling 
a  mere  spur  at  its  base.     From  the  very  brightness  of  the 
light  of  some  of  tlie  fixed  stars  we  may  infer  the  intensity 
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of  that  dark  radiation,  which  is  the  precursor  and  insepa- 
rable associate  of  their  luminous  rays. 

We  thus  find  the  luminous  radiation  appearing  when 
le  radiant  body  has  attained  a  certain  temperature  ;  or, 
in  other  words,  when  the  vibrating  atoms  of  the  body  ha\'e 
attained  a  certain  wi'ltli  of  swing.  In  solid  and  molten 
bodies  a  certain  amplitude  cannot  be  surpasse<l  without 
ie  introduction  of  periods  of  vibration,  which  provoke 
'the  sense  of  vision.  How  are  we  to  figure  this  ?  If 
permitted  ta  speculate,  we  might  ask,  are  not  these 
lore  rapid  vibrations  the  progeny  of  the  slower  ?  Is  it 
'not  really  the  mutual  action  of  the  atoms,  when  they 
^swing  through  very  wide  spaces,  and  thus  encroach  upon 
ch  other,  that  causes  them  to  tremble  in  quicker 
periods?  If  so,  whatever  be  the  agency  by  which  the 
jjarge  swinging  space  is  obtained,  we  shall  have  light- 
iving  vibrations  associated  with  it.  It  matters  not 
whether  the  large  amplitudes  be  produced  by  the  strokes 
"of  a  hammer,  or  by  the  blows  of  the  molecules  of  a  non- 
luminous  gas,  such  as  the  air  at  some  height  above  a  gas- 
i  flame ;  or  by  the  shock  of  the  aether  particles  when 
transmitting  radiant  heat.  The  result  in  all  cases  will  be 
incandescence.  Tlius,  the  invisible  waves  of  our  filtered 
electric  beam  may  be  regarded  as  generating  synchronous 
vibrations  among  the  atoms  of  the  platiniun  on  which 

I  they  impinge ;  but,  once  these  vibrations  have  attained  a 
Pertain  amplitude,  the  mutual  jostling  of  the  atoms  pro- 
Biice?  quicker  tremors,  and  the  light-giving  waves  follow 
Bs  the  necessary  product  of  the  heat-giving  ones. 
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Absorption  of  Radiant  Heat  by  Vapours 
and  Odours. 


We  commenced  the  demonstrations  brought   forward 
this  lectiue  by  experiments  on  permanent  gases,  ai 
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we  have  now  to  turn  our  attention  to  the  vapours  of 
volatile  liquids.  Here,  as  in  the  case  of  the  gases,  vast 
diSerences  have  been  proved  to  exist  between  various 
kinds  of  molecules,  as  regards  their  power  of  intercepting 
the  calorific  waves.  While  some  vapours  allow  the  waves 
a  comparatively  free  passage,  the  minutest  bubble  of  other 
vapours,  introduced  into  the  tube  already  employed  for 
gases,  causes  a  deflection  of  the  magnetic  needle.  Assum- 
ing the  absorption  effected  by  air,  at  a  pressure  of  one 
atmosphere,  to  be  unity,  the  following  are  the  absorptions 
effected  by  a  series  of  vapours  at  a  pressure  of  •g'ijth  of  an 
atmosphere : — 

Kune  o{  nponr  Abiorption 

Bisulphide  of  carbon       ....  47 

IixiiJe  of  methyl 115 

Benzol 130 

Amylena 321 

Sulphuric  ethor 440 

formic  ether 548 

Acetic  ether 612 

Bisulphide  of  carbon  is  the  most  transparent  vapour 
this  list ;  and  acetic  ether  the  most  opaque ;  -jV^h  of  an 
atmosphere  of  the  former,  however,  produces  47  times 
the  effect  of  a  whole  atmosphere  of  air,  while  g^jth  of  an 
atmosphere  of  the  latter  produces  612  times  the  effect  o^| 
a  whole  atmosphere  of  air.  Reducing  dry  air  to  the  pres- 
sure of  the  acetic  ether  here  employed,  and  comf>aring 
them  then  together,  the  quantity  of  wave-motion  inter- 
cepted l>y  tlie  ether  would  he  many  thousand  times  that 
intercepted  by  the  air. 

Any  one  of  these  vapours  discharged  into  the  free  atmo- 
sphere, in  front  of  a  body  emitting  obsciu-e  rays,  interceptaH 
more  or  less  of  tlie  radiation.     A  similar  effect  is  pro-™ 
tiuced  by  perfumes  diffused  in  the  air,  though  their  at- 
tenuation is  known  to  be  almost  infinite.     Carrying,  fa 
iple,  a  current  of  dry  air  over  bibulous  paper,  moist 
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erted  by  patchouli,  the  scent  taken  up  by  the  current 
absorbs  30  times  the  quantity  of  heat  intercepted  by  tlie 
air  which  carries  it ;  and  yet  patchouli  acts  more  feebly 
radiant  heat  than  any  other  perfume  yet  examined, 
ere  follow  the  results  obtained  with  various  essential 
ils,  the  odour,  in  each  case,  being  carried  by  a  current 
of  dry  air  into  the  tube  already  employed  for  gases  and 
pours : — 

Name  of  perfume  Abeurption 

Patchouli 3U 

Sandjil  wood 3i 

Oersnium  ....         ,33 

Oil  of  clores 34 

Otto  of  roee« 87 

Benramot 44 

Neroli 47               » 

Ldivender 60 

Lemon 65 

Portugal 67 

Thyme 68 

Roaemary 74 

Oil  of  laurel 80 

Camomile  flowers 87 

Caisia 109 

Spikenard 35S 

Aoiaeed 372 

Thus  the  absorption  by  a  tiil^e  full  of  dry  air  Ijeing  1, 
that  of  the  odour  of  patchouli  diffused  in  it  is  30,  that  of 
lavender  60,  that  of  rosemary  74,  whilst  that  of  aniseed 
amounts  to  372.  It  would  be  idle  to  speculate  on  the 
luantities  of  matter  concerned  in  these  actions. 


12.  Aqueous  Vapour  in  relation  to  the  Terrestrial 
Temperatures. 

We  are  now  fully  prepared  for  a  result  which,  without 
►ucb  preparation,  might  appear  incredible.     Water  is,  to 
[>me  extent,  a  volatile  body,  and  our  atmosphere,  resting 
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as  it  does  upon  the  surfaoe  of  the  ocean,  reccivef-  from  it 
a  continual  fnipply  of  aqueous  vapoiu'.     It    would  k'  sa 
error  to  I'onfound  clouds  or  fog  or  aiiy  visible  mist  with 
the  vapour  of  water:    this  vapour  ia  a  perfectly  impal- 
pable ga>.  diffused,  even  on  the  clearest  days,  throughout 
the  atmos]ihere.     Compared  with   the  great  body  of  the 
air,    the  aqiieous  trannnr  it.  '•nntsinfi  is  of  alcno$:t  infini- 
tesimal amount,  f  100  parts  of  the  atmo- 
ppliere  lieing'  comj  >n  and  nitrogen.     In  tlw* 
aljsence  of  experii  1  never  thintc  of  ascribing 
to  this  scant  and  ituent  any  important  in- 
fluence on  terrestr,  [  and  yet  its  inBuence  i» 
far  raore  p^itent  tba  e  great  body  of  the  air. 
To  say  tlmt  on  a  gs  humidity  in  England, 
the    atmospheric  VKy  100  tiraps  the    actitiu  of 
the  air  itself,  would  certainly  be  an  understatement  of  the 
fact.     The  peculiar  qualities  of  this  vapour,  and  the  cir- 
cumstance that  at  ordinary  temperatures  it  is  very  near  it? 
point  of  condensation,  render  the  results  which  it  yields 
in  the  apparatus  already  described,  less  than  the  truth; 
and  I  am  not  prepared  to  say  that  the  absorption  by  this 
substance  is  not  200  times  that  of  the  air  in  which  it  is 
diffused,     Comparinp;  a  single  molecule  of  aqueous  vapour 
with  an  atom  of  either  of  the  main  constituents  of  oui 
atmosphere,  I  am  not  p'-epared  to  say  how  many  thou- 
sand times  the  action  of  the  former  exceeds  that  of  th< 
latter. 

]?ut  it  must  he  borne  in  mind  that  these  largt 
nimiliers  depend,  in  part,  on  the  extreme  feebleness  o 
the  air  ;  the  power  of  aqueous  vapour  seems  vast,  becausi 
that  of  the  air  with  which  it  is  compared  is  infinitesimal 
Absolutely  considered,  however,  this  substance,  notwith 
standing  its  small  specific  gravity,  exercises  a  very  poten 
action.  Probably  from  10  to  15  per  cent,  of  the  hea 
radiated  from  the  earth  is  absorbed  within  10  or  20  feet  o 
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e  earth's  surface.  This  must  evidently  be  of  the  utmost 
msequence  to  the  life  of  the  world.  Imagine  the  super- 
ial  molecules  of  the  earth  trembling  with  tlie  motion  of 
at,  and  imparting  it  to  the  surrounding  aether ;  this 
motion  wotild  be  carried  rapidly  away,  and  lost  for  ever  to 
ur  planet,  if  the  waves  of  aether  had  nothing  but  the  air 
contend  with  in  their  outward  course.  But  the  aqueous 
vapour  takes  up  the  motion  of  the  aethereal  waves,  and 
becomes  thereby  heated,  thus  wrapping  the  earth  like  a 
warm  garment,  and  protecting  its  surface  from  the  deadly 
chill  which  it  would  otherwise  sustain.  Various  philo- 
sophers have  speculated  on  the  influence  of  an  atmospheric 
envelope.  De  Saussure,  Fourier,  M.  Pouillet  and  Mr. 
Hopkins  have,  one  and  all,  enriched  scientific  literature 
I  with  contributions  on  this  subject,  but  the  considerations 
^^irhich  these  eminent  men  have  applied  to  atmospheric  air, 
^Have,  if  my  experiments  be  correct,  to  be  transferred  to 
the  aqueous  vapour. 

The  observations  of  meteorologists  furnish  important, 
though  hitherto  imconscious,  evidence  of  the  influence  of 
s  agent.     Wherever  the  air  is  dry  we  are  liable   to 
ilv  extremes  of  temperature.     By  day,  in  such  places, 
the  Sim's  heat  reaches  the  earth  imimpoded,  and  renders 
e  maximum  high  ;  by  night,  on  the  other  hand,  the 
rth's  heat  escapes  unhindered  into  space,  and  renders  the 
inimum  low.     Hence  the  difference  Iwtween  the  maxi- 
mum and  minimum  is  greatest  where  the  air  is  driest. 
In  the  plains  of  India,  on  the  heights  of  the  Himalaya, 
in  central  Asia,  in  Australia — wherever  drought  reigns, 
we  have  the  heat  of  day  forcibly  contrasted  with  the  chill 
night.     In  the  Sahara  itself,  when  the  sun's  rays  cease 
impinge  on  the  burning  soil,  the  temperature  runs 
rapidly  down  to  freezing,  because  there  is  no  vapour  over- 
lead   to  check  tlie  calorific   drain.      And  here  another 
instance  might  be  added  to  the  numbers  already  kuoiRU, 


^"to 
I     in 
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in  which  natiiTe  tends  as  it  were  to  check  her  own  eicoli 
By  nocturniil  refrigeration,  the  aqueous  vapour  of  the  Mr 
is  condensed  to  water  on  the  mirface  of  the  earth  ;  and,  31 
only  the  superficial  portions  radiate,  the  act  of  coiuienM^ 
tion  makes  water  the  radiating  body.  Now  experiment 
proves  that  lo  the  rays  emitted  by  water,  aqueous  vapour 


is  especially  0|>a<r"" 
consequent  on  te 
the  earth,  impart' 
racter  which  res 
escaping  into  gpa 
It  might  hoK 
derive  all  our  heat 
which  protects  tbc 
the   solar   radiation- 


"  ■  "  e  very  act  of  condensation, 
f,  becomes  a  sjifeguard  to 
ition  that  particular  cha-, 
|ile  U>  be  prevented  ttomi 

n  that,  inasmuch  a$  «e 
ia,  the  selfsame  covering 
[chill  must  also  shut  oi* 
„  ,„  partially  true,  but  only 
partially  ;  the  sun's  rays  are  different  in  quality  from  the 
earth's  rays,  and  it  does  not  at  all  follow  that  the  sub- 
stance which  absorbs  the  one  must  necessarily  absorb 
the  other.  Through  a  layer  of  water,  for  example,  one 
tenth  of  an  inch  in  thickness,  the  sun's  rays  are  trans- 
mitted with  comparative  freedom ;  but  through  a  layer 
half  this  thickness,  as  Melloni  has  proved,  no  single  ray 
from  the  warmed  earth  could  pass.  In  like  manner,  tlw 
sun's  rays  pass  with  comparative  freedom  through  tht 
aqueous  vapour  of  tlie  air :  the  absorbing  power  of  thi; 
substance  being  mainly  exerted  upon  the  heat  tha' 
endeavours  to  escape  from  the  earth.  In  consequence  o 
this  differential  action  upon  solar  and  terrestrial  heat,  th' 
mean  temperature  of  our  planet  is  higher  than  is  due  t' 
its  distance  from  the  sun. 


EADIATIOIf.  59 


13.   Liquids  and  their  Vapours  in  relation  to 
Rivdiant  Meat. 

The  deportment  here  aasjgned  to  atmospheric  vapour 
has  been  established  by  direct  experiments  on  air  taken 
from  the  streets  anil  parka  of  London,  from  the  downs  of 
Epsom,  from  the  hills  and  sea-beach  of  the  Isle  of  Wight, 
and  also  by  experiments  on  air  in  the  first  instance  dried, 
and  afterwards  rendered  artificially  humid  by  pure  dis- 
tilled water.  It  has  also  been  established  in  the  following 
way  :  Ten  volatile  liquids  were  taken  at  random  and  the 
power  of  these  liquids,  at  a  common  thickness,  to  inter- 
cept the  waves  of  heat,  was  carefully  dettTDiined.  The 
vapours  of  the  liquids  were  next  taken,  in  quantities  pro- 
portional to  the  quantities  of  liquid,  and  the  power  of  the 
vapours  to  intercept  the  waves  of  heat  was  also  deter-J 
mined.  Commencing  with  the  substance  which  exerted 
the  least  ab^orptive  power,  and  proceeding  onwards  to  the 
most  energetic,  the  following  order  of  absorption  was  ob- 
erved : — 


Liquid! 
Biaolpbide  of  carbon. 
Chloroform. 
Iodide  of  methyl. 
Iodide  of  ethyl. 
Beoiol. 
Amylene. 
Solpbnric  ether. 
Acetic  ether. 
Formic  ether. 
AlcohoL 
Water. 


Veponn 
BisnlphidB  of  carbon. 
Chloroform. 
Iodide  of  methyl. 
Iodide  of  ethyl. 
Bcuznl. 
Amylene. 
Sulphuric  ether, 
Aoetio  ether. 
Formic  ether. 
AlcohoL 


We  here  find  the  order  of  absorption  in  both  cases  to 
the  same.     We  have  liberated  the  molecules  from  the 
Jjonds  which  trammel  them  more  or  less  in  a  liquid  condi- 
on  ;  but  this  change  in  their  state  of  aggregation  does 
"toot  change  their  relative  powers  of  absorption.     NotVii'ag 
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could  more  clearly  prove  that  the  act  of  absorption 
pends  upon  tbi'  iudividual  molecule,  which  etiually  : 
its  power  in  tlip  liquid  and  the  gtiseous  state.     Wei 
assuredly  conclude  from  the  above  table  that  the  pofitia 
of  a  \apour  is  determined  Vjy  that  of  its  liquid.     Now  ; 
tlie  very  foot  of  the  list  of  liquids  stands  uvi/er,  sigus 
itself  al)ove  all  nt hers  by  its  enormoug  power  of  absorpt 
And  from  this  fact,  even  if  no  direct  experiment  on 
vapour  of  water  had  "^''»''  }^«nn  triade,  we  should  he 


titled  to  rank  that  i 
of  radiant  heat.  It* 
action.  It  has  heep 
in  thickness  surrciuni 
vapour  of  sulpliuric  i 
the  eartli's  radiation, 
vapour  necessary  to 
amount  of  sulpliuric  ( 
is  still  extremely  pro'r>„.„ 


mo^t  powerful  absor' 

I  however,  diminishes 
a  shell  of  air  two  ini 
It,  and  saturated  with 
intercept  35  per  cent. 
I  the  quantity  of  aqui 
is  much  less  than 
'  which  it  can  sustain, 
e  estimate  already  made"^ 


of  the  action  of  atmospheric  vapi>ur  witliiu  10  feet  of 
the  earth's  surfiice,  in  under  the  mark ;  and  that  we  are 
indebted  to  this  wiiiiderfal  substance,  to  an  extent  not 
accurately  determined,  liut  certainly  far  beyond  what  has 
hitherto  been  imafjined,  for  the  temperature  now  existing 
at  the  surface  of  the  Elobe, 


14.  Reciprocity  of  Radiation  and  Ahsorj)tion. 

Throughout  the  reflections  which  have  hitherto  occu- 
pied us,  the  image  before  the  mind  has  been  that  of  a 
radiant  source  generating  calorific  waves,  which  on  passing 
among  tlie  scattered  molecules  of  a  gas  or  vapour  were 
intercepted  by  those  molecules  in  various  degrees.  In 
all  cases  it  was  the  transference  of  motion  from  the  aether 
to  the  comparatively  quiescent  molecules  of  the  gas  or 


RADIATIOX. 


^ Vapour.  We  have  now  to  cliange  the  form  of  our  concep- 
tion, and  to  figure  these  molecules  not  as  absorbers  but  as 
radiators,  not  as  the  lecipienta  but  a^^  the  originators  of 
pive-motion.  That  is  to  say,  we  must  figiu'e  them  vibra- 
Bng,  and  genenitiug  in  the  surrounding  aether  undulatious 
which  speed  through  it  with  the  velocity  of  light.  Our 
object  now  is  to  enquire  whetlier  tbe  act  of  chemical  com- 
bination, which  proves  so  potent  as  regards  the  phenomena 
of  absorption,  does  not  also  manifest  its  power  in  the 
phenomena  of  radiation.  For  the  examination  of  this 
uestion  it  is  necessjiry,  in  tlie  first  place,  to  beat  our  gases 
lid  vapours  to  the  same  temperature,  and  then  examine 
lieir  power  of  discharging  the  motion  thus  imparted  to 
liem  upon  the  aether  in  which  they  swing. 

A   heated   copjjer  ball  was  placed  above  a  ring  gas- 
burner,  possessing  a  great  number  of  small  apertures,  the 
burner  being  connected  by  a  tube  with  vessels  containing 
be  various  gases    to  be  examined.     By  gentle   pressure 
be  gases  were  forced  through  the  orifices  of  the  burner 
Bt  the  copper  ball,  where  each  of  them,  being  heated, 
in  an  ascending  column.      A   thermo-electric  pile, 
itirely  screened  off  from  tbe  hot  ball,  was  exposed  to  the 
iiation   of  the   warm   gas,   and   while  deflection  of  a 
"magnetic   needle   connected  witb  the   pile  declared  tbe 
energy  of  the  radiation. 

By  this  mode  of  experiment  it  was  proved  that  the 
elfsame  molecular  arrangement  which  renders  a  gas  a 
powerful  absorber,  renders  it  in  the  same  degree  a  power- 
ful radiator — that  the  atom  or  molecide  which  is  com- 
ttent  to  intercept  the  calorific  waves  is,  in  the  same 
jree,  comp)etent  to  generate  them.  Thus,  while  the 
jms  of  elementary  gases  proved  themselves  unable  to 
it  any  sensible  amount  of  radiant  heat,  the  molecules 
compound  gases  were  shown  to  be  capable  of  power- 
illy  disturbing  the  surrounding  aether.     By  special  modea 
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'.•is  vtV'i  GJtiaf 
callv  heated,  ai 
radiate,  even  ¥rt 
passage  i^f  its  i 
tul>e  contain  a  at 
air  will  ei>mmu 
which  will  he  thi 


of  experiment  tb*  «Ud«  was  proved  to  hold  good  for  ' 
%apoiirs  >>i  T<jilat3e  liquids,  the  radiative  power  of  i 
\ap<>ur  Wi!:^  foond  proportioDal  to  it«  abeorptive  ^lowt!:, 
The  method  of  eiperiment  here  pursued,  thoogti  nol 
of  the  simplest  thuacter,  is  still  within  your  grasp.    Wii 
air  i<  permitted  to  nuh  into  an  exhaustal  tube,  the  ten 
peratiire  uf  the  -■'  "  ■— •— ^  *»  a  degree  equivalent  to  I 

ftir  is  said  to  be  dyna 
«XW8  itself  incompetent 
rindow  is  provided  for 
stead  of  being  empty  < 
f  vapour,  » lien  the 
f  contact  to  the  vap 
diste.  Thus  the  molecu 
of  the  v;ipi;-tiir  conve. i  i^,™  v^e  radiant  form  the  he 
imparted  dynamically  to  the  atoms  of  the  air.  By  this 
process,  which  I  have  called  Dynamic  Eadiation,  the 
radiative  jxiwer  of  Loth  vapours  and  gases  has  been  de- 
termined, and  the  reciprocity  of  their  radiation  and  ab- 
sorption proved.' 

In  the  excellent  researches  of  Leslie,  De  la  Provostaye 
and  Desains,  and  Balfour  Stewart,  the  reciprocitv  oi 
radiation  and  al)sorption,  as  reg-ards  solid  bodies,  has  been 
variously  illustrated;  while  the  labours,  theoretical  and 
experimental,  of  Kirclihoflf  have  given  this  subject  a 
wonderful  expansion,  and  enricliod  it  by  applications  ol 
tlie  highest  kind.  To  their  results  are  now  to  be  added 
tlie  foregoing,  whereby  gases  and  vapours,  which  havf 
))eeu  hitherto  thought  inaccessible  to  experiments  of  tbii 
kind,  are  proved  to  exhibit  the  duality  of  radiation  anc 


'  Sec  jiajici  14  for  a  definition  of  vis  vh'a. 

'  When  lioat«il  air  imparts  its  motion  to  another  gas  or  vapour,  tin 
traiislVri-iico  of  heat  is  accompanied  liy  a  change  of  vibrating  perioii.  Th^ 
Dj-namic  Kudiation  of  vapours  is  rendered  possiljle  by  the  transmutation  o 
vibmtious. 
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aon,  the  influence  of  chemical  combination  on  both 
'  exhibited  in  the  most  decisive  and  extraordinary 


Injluetux  of  VibratirKj  Period  and  Molecular  Form, 
Physical  Analysia  of  the  Human  Breath. 

Id  the  forgoing  experiments  with  gases  and  vapours 
have  employed  throughout  invisible    rays :    some  of 
ese  bodies  are  so  impervious,  that  in  lengths  of  a  few 
et  only   they  intercept   every  ray  as   effectually  as   a 
of  pit«h  would  do.     The  substances,  however,  which 
how  themselves  thus  opaque  to  radiant  heat  are  perfectly 
Qsparent  to  light.     Now  the  rays  of  light  differ  from 
of  invisible  heat,  only  in  point  of  period,  the  former 
ling  to  affect  the  retina  because  their  periods  of  recur- 
nce  are  too  slow.      Hence,  in  some  way  or  other  tlie 
sparency  of  our  gases  and  vapours  depends  upon  the 
of  the  waves  which  impinge  iipon  them.     What 
tLe   nature  of  this  dependence?      The  admirable  re- 
ef Kirchhoff  help  us  to  an  answer.     The  atoms 
nolecules  of  every  gas  have  certain  definite  rates  of 
ition,  and  those  waves  of  aether  are  most  copiously 
jrbetl    whose    periods  of  recurrence  synchronise  with 
periods  of  the  molecules  amongst  which  they    pass. 
ius,  when  we  find  the  invisible  rays  absorbed  and  the 
ible  ones  transmitted  by  a  layer  of  gas,  we  conclude 
the  oscillating  periods  of  the  gaseous  molecules  co- 
ide  with  those  of  the  invisible,  and  not  with  those  of 
visible  spectrum. 

It  requires  some  discipline  of  the  imagination  to  form 
,  dear  pictiu-e  of  this  process.     Such  a  pictiu-e  is,  however, 
poerible,  and  ought  to  be  obtained.     When  the  waves  of 
impinge  upon  molecules  whose  periods  of  vibration 
ide  with  the  recurrence  of  the  undulations,  the  tiiaed 
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strokes  of  the  waves,  the  vibration  of  the  Biolectila 
augments,  as  a.  heavy  pendulum  ia  set  in  motion  by  wdt 
timed  puffs  of  breath.  Millions  of  millions  of  shocks  ue 
received  every  second  from  the  caloriiio  waves;  and  it  ii 
not  difficult  to  see  that  as  every  wave  arrives  just  in  time 
to  repeat  the  action  of  its  predecessor,  the  molecules  mud 


gb  wider  spaces  tlian  if 
Id  fact,  it  is  not  diffluute 
eculea,  op«jrated  upon  by 
n  practically  quiescent 
the  waves  of  the  vi«il'l« 
mt  gas  or  vapour.  There 
motion  from  the  aethef 
( there  ia  no  sensible  ab- 


finally  be  caused  t"  " — ""  ' 
the  arrivals  were  ni 
to  see  tliat  an  assen 
contendiiif^   wavea, 
This  is  actually  th« 
spectrum  pass  throuj 
is  here  no  sensible  ti 
to  the  molecules ;  in 
sorption  of  heat. 

One  striking  example  of  the  influence  of  period  may 
be  liere  recorded.  Carbonic  acid  gas  is  one  of  the  feeblest 
of  alisorbers  of  the  radiant  heat  emitted  by  solid  sources 
It  is,  for  example,  to  a  great  extent  transparent  to  the  rays 
emitted  by  the  heated  copper  plate  already  referred  to. 
There  are,  however,  certain  rays,  comparatively  few  in 
number,  emitted  by  tlie  copper,  to  wliich  the  carbonic 
acid  is  impervious ;  and  could  we  obtain  a  source  of  heat 
emitting  such  rays  only,  we  should  find  carbonic  acid 
more  ojjoriue  to  tlie  radiatiou  from  tiiat  source,  than 
any  other  gas.  Such  a  source  is  actually  found  in  the 
flame  of  carlionic  oxide,  where  hot  carbonic  acid  con- 
stitutes the  main  radiating  body.  Of  the  rays  emitted 
by  our  heated  plate  of  copper,  oleiiant  gas  absorbs  ten 
times  the  quantity  absorbed  by  carlwnic  acid.  Of  tlie 
rays  emitted  by  a  carlmnic  oxide  flame,  carbonic  acid 
absoibs  twice  as  much  as  oletiant  gas.  This  wonderful 
change  in  the  power  of  the  former,  as  an  absorber,  is  simply 
due  to  the  fact,  tliat  the  periods  of  the  hot  and  cold 
carbonic  acid  are  identical,  and  tliat  the  waves  from  the 
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er  their  motion  to  the  molecules  which 
hronise  with  them.  Thus  it  is  that  the  tenth  of  an 
ospbere  of  carbonic  acid,  enclosed  in  a  tube  foiu"  feet 
;  absorbs  60  per  cent,  of  the  radiation  from  a  carbonic 
flame,  while  one-thirtieth  of  an  atmosphere  absorbs 
per  cent,  of  the  heat  from  the  same  origin. 
In  fact,  the  presence  of  the  minutest  quantity  of  car- 
le acid  may  be  detected  by  its  action  on  the  rays 
m  the  carbonic  oxide  flame.  Carrying,  for  example, 
dried  human  breath  into  a  tube  four  feet  long,  the 
tion  there  effected  by  the  carbonic  acid  of  the 
ath  amounts  to  50  per  cent,  of  the  entire  radiation. 
tat  heat  may  indeed  be  employed  as  a  means  of 
innining  practically  the  amount  of  carbonic  acid 
ired  from  the  limgs.  My  late  assistant,  Mr.  Barrett, 
ile  under  my  direction,  made  this  determination.  The 
rption  produced  by  the  breath  freed  from  its  moisture, 
retaining  its  carbonic  acid,  was  first  determined,  Car- 
nic  acid,  artificially  prepared,  was  then  mixed  with  1I17 
io  such  proportions  that  the  action  of  the  mixture  upon 
rays  of  heat  was  the  same  as  that  of  the  dried  breath. 
percentage  of  the  former  being  known,  immediately 
ire  that  of  the  latter.  The  same  breath  analysed  che- 
ly  by  Dr.  Frankland,  and  physically  by  Mr.  Barrett, 
the  following  results  : — 

Percentage  of  Carbonie  Aeid  in  the  Human  Breath. 


Obaalod  uialjris 
4-66 
fi33 


Pbjriol  ualjtij 
.     4-56 
.     6-32 


It  is  thus  proved  that  in  tlie  quantity  of  aethereal 
>tioD  which  it  is   competent    to   take  up,  we  have  a 

tical  measure  of  the  carbonic  acid  of  the  breath,  and 
Bnce  of  the  combustion  going  on  in  the  human  lungs. 

Still  this  question  of  period,  though  of  the  utmost 
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importance,  is  not  competent  to  accoimt  for  the  whole 
of  the  observed  facts.  The  aether,  as  far  as  we  know, 
accepts  vibrations  of  all  periods  with  the  same  readioeaa. 
To  it  tlie  oscillations  of  an  atom  of  oxygen  are  juBt  as 
acceptable  as  those  of  a  molecule  of  defiant  gas ;  that 
the  vibrating  oxygen  then  stands  so  fiw  below  the  defiant 
gas  in  radiant  power  miist  be  referred  not  to  period,  but 
to  some  other  peculiarity  of  the  elementary  gas.  The 
atomic  group  which  constitutes  the  molecule  of  defiant 
gas,  produces  many  thousand  times  the  disturbance  caused 
by  the  oxygen,  liecause  the  group  is  able  to  lay  a  vastly 
more  powerful  hohl  upon  the  aether  than  the  single  atoms 
can.  The  cavities  and  indentations  of  a  molecule  com- 
posed of  spherical  atoms  may  be  one  cause  of  this  aug- 
mented holcL  Another,  and  probably  very  potent  one  may 
be,  that  the  vibrations,  being  those  of  the  constituent 
atoms  of  the  molecule,  are  generated  in  highly  condensed 
aether,  which  acts  like  condensed  air  upon  sound.  But 
whatever  may  l)e  the  fate  of  these  attempts  to  visualise 
the  physics  of  the  process,  it  will  still  remain  true,  that  to 
account  for  the  phenomena  of  radiation  and  absorption 
we  must  take  into  consideration  the  shape,  size,  and  con- 
dition of  the  aether  within  the  molecules,  by  which  the 
aether  is  disturbed. 


16.  Summary  and  Concltision, 

Let  us  now  cast  a  momentary  glance  over  the  ground 

that  we  have  left  behind.     The  general  nature  of  light 

and  heat  was  first  briefly  descril)ed  :  the  compoimding  of 

matter  from  elementary  atoms,  and  the  influence  of  the 

act   of  combination    on    radiation  and  absorption,  were 

I     considered  and  experimentally  illustrated.     Through  the 

I     transparent  elementary  gases  radiant  heat  was  found  to 

I    pass  as  through  a  vacuima,  while  many  of  the  compound 


HSm  presented  almost  impassable  obstacles  to  the  calorific 
Imvee.  This  deportment  of  the  simple  gases  directed  oiir 
■attention  to  other  elementary  bodies,  the  examination 
md  which  led  to  the  discovery  that  the  element  iodine, 
Vliwolved  in   bisulphide   of  carbon,  possesses    the  power 

■  of  detaching,  with  extraordinary  sharpness,  the  light  of 

■  the  epectnim    from    its   heat,  intercepting  all  luminous 

■  nys  up  to  the  extreme  red,  and  permitting  the  calorific 
Bnyi  beyond  the  red  to  pass  freely  through  it.  This  sub- 
HMinoe  was  then  employed  to  filter  the  beams  of  the  electric 
Hiight,  and  to  form  foci  of  invisible  rays  so  intense  as  to 
Hpoduce  almost  all  the  efiects  obtainable  in  an  ordinary 
Bfin.  Combustible  bodies  were  burnt,  and  refractory  ones 
■Wfre  raised  to  a  white  heat,  by  the  concentrated  invisible 
Vny».  Thus,  by  exalting  their  refrangibility,  the  invisible 
I  iij«  of  the  electric  light  were  rendered  visible,  and  all  the 
■Bolours  of  tbe  solar  spectnmi  were  extracted  from  utter 
I  '  '  The  extreme  richness  of  the  electric  light  in 
I  rays  of  low  refrangibility  was  demonstrated,  one- 
njg^tb  only  of  its  radiation  consisting  of  luminous  rays.| 
mtht  deadness  of  the  optic  nerve  to  those  invisible  rays 
Km*  proved,  and  experiments  were  then  added  to  show  that 
Bhe  bright  and  the  dark  rays  of  a  solid  body,  raised  gradu-l 
■lllv  to  intense  incandescence,  are  strengthened  together; 
BDtense  dark  heat  being  an  invariable  accompaniment  of 
ntense  white  heat.  A  sun  could  not  be  formed,  or  a 
■leteorite  rendered  luminous,  on  any  other  condition.  The 
Bgbt-giving  rap  constituting  only  a  small  fraction  of  the 
■Kal  radiation,  their  imspeakable  importance  to  us  is  due 
K>  the  fact,  that  their  periods  are  attuned  to  the  special 
nqoiremente  of  the  eye. 

•       Among  the  vapours  of  volatile  liquids  vast  differences 

were   also   found   to  exist,  as   regards  their  powers  of 

beorption.     We  followed  various  molecules  from  a  state 

V  li'iuid  to  a  state  of  gas,  and  found,  in  both  states  oC 
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iggre^tion,  the  power  of  the  individual  molecules 
equally  asserted.  The  position  of  a  vapour  as  an  absorber 
of  nidiant  heat  was  shown  to  be  determined  by  that  of 
the  liquid  from  which  it  is  derived.  Reversing  our  con- 
ceptions, and  regjarding  the  molecules  of  gases  and  vapours 
not  as  the  recipients  but  as  the  originators  of  wave- 
motion  ;  not  as  absorbers  but  as  radiators ;  it  was  proved  ■ 
that  the  powers  of  absorption  and  radiation  went  hand  in 
hand,  the  selfsame  chemical  act  which  rendered  a  body 
competent  to  intercept  the  waves  of  aether,  rendering  it 
competent,  in  the  same  degree,  to  generate  them.  Per- 
fumes were  next  subjected  to  examination,  and,  notwith- 
standing their  extraordinary  tenuity,  they  were  found 
vastly  superior,  in  point  of  absorptive  power,  to  the  body  ■ 
of  the  air  in  which  they  were  diffused.  We  were  led  tlms 
slowly  up  to  the  examination  of  the  most  widely  diffused 
and  most  important  of  all  vapours — the  aqueous  vapour 
of  our  atmosphere,  and  we  found  in  it  a  potent  absorber 
of  the  purely  calorific  rays.  The  power  of  this  substance 
to  influence  climate,  and  its  general  influence  on  the 
temperature  of  the  earth,  were  then  briefly  dwelt  upon. 
A  cobweb  spread  above  a  blossom  is  sufBcient  to  protect  it 
from  nightly  chill  ;  and  thus  the  aqueous  vapour  of  our 
air,  attenuated  as  it  is,  cheeks  the  drain  of  terrestrial  heat, 
and  saves  the  surface  of  our  planet  from  the  refrigeration 
which  would  aiisuredly  accrue,  were  no  such  substance  in- 
terposed between  it  and  the  voids  of  space.  We  considered 
the  influence  of  vibrating  period,  and  molecular  form,  on 
absorption  and  radiation,  and  finally  deduced,  from  its 
action  upon  radiant  heat,  the  exact  amount  of  carbonic 
acid  expired  by  the  human  lungs. 

Thus,  in  brief  outline,  were  placed  before  you  some  of 
the  results  of  recent  enquiries  in  the  domain  of  KadiatioD, 
and  my  aim  throughout  has  been  to  raise  in  your  minds 
distinct  physical  images  of  the  various  processes  involved 
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our  researches.  It  is  thought  by  some  that  natural 
'science  has  a  deadeuing  influence  on  the  imagination,  and 
a  doubt  might  fairly  be  raised  as  to  the  value  of  any 
study  which  would  necessarily  have  this  effect.  But  the 
experience  of  the  last  hour  must,  I  think,  have  convinced 
you,  that  the  study  of  natural  science  goes  hand  in  hand 
with  the  culture  of  the  imagination.  Throughout  the 
greater  part  of  this  discourse  we  have  been  sustained  by 
lis  faculty.  We  have  been  picturing  atoms,  and  mole- 
iles,  and  vibrations,  and  waves,  which  eye  has  never 
seen  nor  ear  heard,  and  which  can  only  be  discerned  by 
the  exercise  of  imagination.  This,  in  fact,  is  the  faculty, 
which  enables  us  to  transcend  the  boundaries  of  sense, 
and  connect  the  phenomena  of  our  visible  world  with 
^Hbose  of  an  invisible  one.  Without  imagination  we  never 
^ftould  have  risen  to  the  conceptions  which  have  occupied 
^|bs  here  to-d.iy  ;  and  in  propurtion  to  your  power  of  exer- 
cising this  faculty  aright,  and  of  associating  definite  mental 
images  with  the  terms  employed,  will  be  the  pleasure 
and  the  profit  which  you  will  derive  from  this  lecture. 
The  outward  facts  of  nature  are  insufficient  to  satisfy  the 
mind.  We  cannot  be  content  with  knowing  that  the  light 
and  heat  of  the  sun  illiuninate  and  warm  the  world.  We 
are  led  irresistibly  to  enquire,  'What  is  light,  and  what  is 
heat  ? '  and  this  question  leads  us  at  once  out  of  the  region 
of  sense  into  that  of  imagination. 

Thus  pondering,  and  questioning,  and  striving  to  sup- 
^blement  that  which  is  felt  and  seen,  but  wnich  is  incom- 
^^lete,  by  something  unfelt  and  imseen  which   is  necessary 
to  its  completeness,  men  of  genius  have  in  part  discerned, 
^hot  only  the  naUire  of  light  and  heat,  but  also,  through 
^■(hem,  the  general  relationship  of  natural  phenomena.    The 
^Pworking  power  of  Nature  is  the  power  of  actual  or  poten- 
tial motion,  of  which  all  its  phenomena  are  but  special 
forms.     This  motion  manifests  itself  in  tangible  au4  Vu 
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intangible  matter,  being  incessantly  transferred  from  the 
one  to  tlie  otlier,  and  incessantly  transformed  by  tba 
change.  It  is  as  real  in  the  waves  of  the  aether  as  ip  tba 
waves  of  the  se^ ;  the  latter — derived  as  they  are  from  winds, 
which  in  their  turn  are  derived  from  the  sim — are,  indeed, 
nothing  more  than  the  heaped-up  motion  of  the  former. 


It  is  the  calorific  i 
air,  product'  mir  v 
whetlier  they  brea 
against  the  ocean's 
of  their  own  parts, 
without  prociucin 
waves  of  aether,  tJ 
their  temporary  e 


oy  the  sun  which  heat  oar 
i  agitate  our  ocean.    Aod 

the  shore,  or  rub  silently 
le  by  the  mutual  friiitioa 
^  which  cannot  subsiik 

resolve  themselves  inio 
g  the  motion  from  wbicli 
srived.     This  connection 


is  typical.     Nature  is  not  an  ag^gregate  of  independcDt 
parts,  but  an  organic   whole.     If  you  open  a   piano  mi 
sing  into  it,  a  cert.ain  ^^tring  will   respond.     Change  lbs 
pitch  of  your  vnicu  ;  the  first  string  ceases  to  vibrate,  but 
another  replies,     riuuige  again  the  pitch;  the   first  two 
strings  are  silent,  while  another  resounds.     Now  in  alt«r- 
ing  the  pitch  you  simply  change  the  form  of  the  motion 
cominimicated  by  your  vocal  chords  to  the  air,  one  string 
responding  to  one  form,  and  another  to  another.     And 
thus  is  sentient  man  acted  on  by  Nature,  the   optic,  the 
auditory,  and  other  nerves  of  the  human  body  being  so 
many  strings  differently  tuned,  and  responsive  to  different 
forms  of  the  uni\ersal  power. 
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HADIAyr  HEAT  IN  H ELATION  TO  THE  COLOUR 
AND  CHEMICAL  COySTITUTION  OF  BODIES. 

1866. 

iXE  of  the  most  important  functions  of  physical  science, 
considered  as  a  discipline  of  the  mind,  is  to  enable  us 
by  means  of  the  tangible  processes  of  Nature  to  apprehend 
the  intangible.  The  tangible  processes  give  direction  to 
the  line  of  thought ;  but  this  once  given,  the  length  of 
the  line  is  not  limited  by  the  boimdaries  of  the  senses. 
Indeed,  the  domain  of  the  senses,  in  Nature,  is  almost  in- 
finitely small  in  comparison  with  the  vast  region  accessible 
I  thought  which  lies  beyond  them.  From  a  few  observa- 
of  a  comet,  when  it  comes  within  the  range  of  his 
cope,  an  astronomer  can  calculate  its  patli  in  regions 
ich  no  telescope  can  reach :  and  in  like  manner,  by 
means  of  data  furnished  in  the  narrow  world  of  the  senses, 

tmake  ourselves  at  home  in  other  and  wider  worlds, 
ich  can  be  traversed  by  the  intellect  alone. 
From  the  earliest  ages  the  questions,  '■  What  is  light  ?  ' 
'  What  is  heat  ? '  have  occurred  to  the  minds  of  men  ; 
these  questions  never  would  have  been  answered  had 
not  been  preceded  by  the  question, '  What  is  sound  ? ' 
lid  the  grosser  phenomena  of  acoustics  the  mind  was 
disciplined,  conceptions  being  thus  obtained  from 
!t  observation,  which  were  afterwards  applied  to  phe- 
aena  of  a  character  far  too  subtle  to  be  observed  directly, 
ad  we  know  to  be  due  to  vibratory  motion.   A  vibrating 
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tuttin^^rk,  for  example,  moulds  the  air  around  it  into 
uuvitilations  or  waves,  wliich  speed  away  on  all  sides  with 
•  Mttain  measured  velocity,  impinge  upon  the  drum  of 
tfek«  Mur,  shake  the  auditory  nerve,  and  awake  in  tlie  brain 
%h»  sensation  of  sound.  When  sufficiently  near  a  sounding 
body  we  can  feel  the  vibrations  of  the  air.  A  deaf  man, 
lor  example,  plunging  his  hand  into  a  bell  when  it  is 
sounded,  feels  through  the  common  ner\'e8  of  his  body 
those  tremors  which,  when  imparted  to  the  nerves  of 
healthy  ears,  are  translated  into  sound.  There  are  various 
ways  of  rendering  those  sonorous  vibrations  not  only 
tangible  but  visible  ;  and  it  was  not  until  numberless  ex- 
periments of  this  kind  had  been  executed,  that  the  scien- 
tific investigator  abandoned  himself  wholly,  and  without  a 
shadow  of  misgiving,  to  the  couviotion  that  what  is  sound 
within  us  is,  outside  of  us,  a  motion  of  the  air. 

But  once  having  established  this  fact — once  having 
proved  Ijeyond  all  doubt  that  the  sensation  of  sound  is 
produced  by  an  agitation  of  the  nerve  of  the  ear — the 
thought  soon  suggested  itself  that  light  might  be  due  to 
an  agitation  of  the  nerve  of  the  eye.  This  was  a  great 
step  in  advance  of  that  ancient  notion  which  regarded 
light  as  something  emitted  by  the  eye,  and  not  as  any- 
tliing  imparted  to  it.  But  if  light  be  produced  by  an 
agitation  of  the  optic  nerve  or  retina,  what  is  it  that  pro- 
duces the  agitation  ?  Newton,  you  know,  supposed  minute 
particles  to  be  shot  through  the  humours  of  the  eye  against 
the  retina,  which  he  supposed  to  hang  like  a  target  at  the 
back  of  the  eye.  The  impact  of  these  particles  against 
the  target,  Newton  believed  to  be  the  cause  of  light.  But 
Newton's  notion  has  not  held  its  ground,  being  entirely  — 
driven  from  the  field  by  the  more  wonderful  and  far  morofl 
philosophical  notion  that  light,  like  soimd,  is  a  product 
of  wave-motion. 

The  domain  in  which  this  motion  of  light  is  carried  on 
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itirely  beyond  the  reach  of  our  senses.     The  waves  of 

require  a  medium  for  their  formation  and  propaga- 

but  we  cannot  see,  or  feel,  or  taste,  or  Rmell  this 

m.     How,  then,  has  its  existence  been  established  ? 

Bwing,  that  by  the  assumption  of  this  wonderful  in- 

)le  aether,  all  the  phenomena  of  optics  are  accounted 

Kth  a  fulness,  and  clearness,  and  conclusiveness,  which 

Do  desire  of  the  intellect  unsatisfied.    >Mien  the  law 

[vitation  first  suggested  itself  to  the  mind  of  Newton, 

did  he  do  ?     He  set  himself  to  examine  whether  it 

nted  for  all  the  facta.     He  determined  the  courses 

)  planets ;  he  calculated  the  rapidity  of  the  moon's 

►wards  the  earth  ;  he  considered  the  precession  of  the 

Dxes,  the  ebb  and  flow  of  the  tides,  and  foimd  all  ex- 

d  by  the  law  of  gravitation.     He  therefore  regarded 

VK  as  established,  and  the  verdict  of  science  subse- 

iy  confirmed  his   conclusion.      On   similar,  and,  if 

be,  on  stronger  grounds,  we  found  our  belief  in  the 

pee  of  the  universal  aether.     It  explains  facts  far 

"various  and  complicated  than  those  on  which  Newton 

his  law.     If  a  single  phenomenon  could  be  pointed 

bich  the  aether  is  proved  incompetent  to  explain,  we 

d  have  to  give  it  up ;  but  no  such  phenomenon  has 

m  pointed  out.     It  is,  therefore,  at  least  as  certain 

is  filled  with  a  medidm,  by  means  of  which  suns 

diffuse  their  radiant  power,  as  that  it  is  traversed . 

,t  force  which  holds  in  its  grasp,  not  only  our  plane-' 

stem,  but  the  immeasurable  heavens  themselves. 

lere  is  no  more  wonderful  instance  than  this  of  the 

tion  of  a  lineof  thought,  from  the  world  of  the  senses 

e  region  of  pure  imagination.  I  mean  by  imagination 

ot  that  play  of  fancy  which  can  give  to  airy  nothings 

kl  habitation  and  a  name,  but    that   power  which 

B>  the  mind  to  conceive  realities  which  lie  beyond 

E&Dge  of  the  senses — to  present  to   itself  dietiuct 
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images  of  processes  which,  though  mighty  in  the 
gate  Ijeyond  all  conception,  are  so  minute  individuallrl 
to  elude  all  observation.  It  is  the  waves  of  air  excited 
by  a  tuning-fork  which  render  it«  vibrations  audible. 
It  is  tlie  waves  of  aether  sent  forth  from  those  lamps  over- 
head which  render  them  luminous  to  us ;  but  so  minute 
are  these  waves,  that  it  would  take  from  30,000  to  60,000 
of  them  placed  end  to  end  to  cover  a  single  inch.  Th^ 
number,  however,  compensates  for  their  minuteu< 
Trillions  of  them  have  entered  your  eyes,  and  hit  the 
retina  at  the  back  of  the  eye,  in  the  time  consumed  in  the 
utterance  of  the  shortest  sentence  of  this  discourse.  Tl 
is  the  steadfast  result  qf  modern  research  ;  but  we  ne' 
could  Lave  reached  it  without  previous  discipline, 
never  could  have  measured  the  waves  of  light,  nor  ev 
imagined  them  to  exist,  had  we  not  previously  exerci: 
ourselves  among  the  waves  of  sound.  Sound  and  light 
are  now  mutually  belpfid,  the  conceptions  of  each  being 
expanded,  strengthened,  and  defined  by  the  conceptions  of 
the  other. 

The  aether  which  conveys  the  pulses  of  light  and  h 
not  only  fills  celestial  space,  swathing  suns,  and  plane! 
and  moons,  but  it  also  encircles  the  atoms  of  which 
these  bodies  are  composed.  It  is  the  motion  of  these 
atoms,  and  not  that  of  any  sensible  parts  of  bodies,  that 
the  aether  conveys ;  it  is  this  motion  that  constitutes 
the  objective  cause  of  what,  in  our  sensations,  are  light 
and  heat.  An  atom,  then,  sending  its  pulses  through 
the  aether,  resembles  a  timing-fork  sending  its  pulses 
through  the  air.  Let  us  look  for  a  moment  at  this  thrill- 
ing medium,  aud  briefly  consider  its  relation  to  the  bodiei 
whose  vibrations  it  conveys.  Different  bodies,  when  heated 
to  the  same  temperature,  possess  very  different  powers  of 
agitating  the  aether :  some  are  good  radiators,  others  are 
bad  radiators ;  which  means  that  some  are  so  constituted 


et^P 


uwu 


lAT   AND    ITS   RELATIOSI 


to  communicate  their  motion  freely  to  the  aether, 
iucing  therein  powerful  undtilations ;  while  others  are 
kble  tiias  to  communicate  their  motion,  but  glide 
jugh  the  medium  without  materially  disturbing  its  re- 
se.  Recent  experiments  have  proved  that  elementary 
iee,  except  under  certain  anomalous  conditions,  belong 
f  the  class  of  bad  radiators.  An  atom,  A'ibrating  in  the 
ther,  resembles  a  naked  tuning-fork  vibrating  in  the  air. 
be  amount  of  motion  communicated  to  the  air  by  the  thin 
is  too  small  to  evoke  at  any  distance  the  sensation 
f  sound.  But  if  we  permit  the  atoms  to  combine  chemi- 
Jy  and  form  molecules,  the  result,  in  many  cases,  is  an 
Drmoos  change  in  the  power  of  radiation.  The  amount 
faethereal  distiu-bance,  produced  by  the  combined  atoms 
iK  body,  may  be  many  thousand  times  that  produced  by 
constituent  atoms  when  uncombined.  The  eflfect  is 
Jy  typified  by  a  tuning-fork  when  connected  with 
resonant  case.  The  fork  and  its  case  swing  as  a 
ipound  system,  and  the  vibrations  which  were  before 
todible,  are  now  the  source  of  a  musical  soimd  so  power- 
|],  that  it  might  ]>e  plainly  heard  by  thousands  at  once, 
be  fork  and  its  case  combined  may  be  roughly  regarded 
I  a  good  radiator  of  sound. 
The  pitch  of  a  musical  note  depends  upon  the  rapidity 
of  its  vibrations,  or,  in  other  words,  on  the  length  of  its 
nves.  Now,  the  pitch  of  a  note  answers  to  the  colour 
of  light.  Taking  a  slice  of  white  light  from  the  sun,  or 
om  an  electric  lamp,  and  causing  the  light  to  pass 
ough  an  arrangement  of  prisms,  it  is  decomposed.  We 
hare  the  effect  obtained  by  Newton,  who  first  unrolled 
the  solar  beam  into  the  splendours  of  the  solar  spectnun. 
At  one  end  of  this  spectrum  we  have  red  light,  at  the 
otlier,  violet;  and  between  those  extremes  lie  the  other 
~  itic  colours.  As  we  adv.inee  along  the  spectnmi 
the  red  to  the  violet,  the  pitch  of  the  light — \^  1 
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may  use  the  expression — heightens,  the  sensation  of  violet 
being  produced  by  a  more  rapid  succession  of  impulses  than 
that  which  produces  the  impression  of  red.     The  \ibration« 
of  the  violet  are  about  twice  as  rapid  as  those  of  the  red ;  f^M 
other  words,  the  range  of  the  visible  spectrum  is  about  a^^ 
octave. 

There  is  no  solution  of  continuity  in  this  spectrum ; 
one  colour  changes  into  another  by  insensible  gradations. 
It  is  as  if  an  intinite  number  of  tuning-forks,  of  gradually 
augmenting  pitch,  were  vibrating  at  the  same  time.  But 
turning  to  another  spectrum — that,  namely,  obtained  from 
the  incandescent  vapoiu:  of  silver — you  observe  that  it 
consists  of  two  narrow  and  intensely  luminous  green 
bands.  Here  it  is  as  if  two  forks  only,  of  slightly  different 
pitch,  were  vibrating.  The  length  of  the  waves  which 
produce  this  6rst  band  is  such  that  47,460  of  them,  pi 
end  to  end,  would  fill  an  inch.  The  waves  which 
duce  the  second  bund  are  a  little  shorter ;  it  would  take 
of  these  47,920  to  fill  an  inch.  In  the  case  of  the  first 
band,  the  number  of  impidses  imparted,  in  one  second,  to 
every  eye  which  sees  it,  is  577  millions  of  millions; 
while  the  number  of  impulses  imparted,  in  the  same  time, 
by  the  second  band  is  600  millions  of  millions.  We 
may  project  upon  a  white  screen  the  beautiful  stream  of 
green  light  from  which  these  bands  were  derived.  This 
luminous  stream  is  the  incandescent  vapour  of  silver. 
The  rates  of  vibration  of  the  atoms  of  that  vapour  aie  as 
rigidly  fixed  as  those  of  two  tuning-forks ;  and  to  what- 
ever height  the  temperature  of  Uie  vapour  may  be  raised, 
the  rapidity  of  its  vibrations,  and  consequently  its  colour, 
which  wholly  depends  upon  that  rapidity,  remain  un- 
changed. 

The  vapour  of  water,  as  well  as  the  vapour  of  silvi 
has  its  definite  periods  of  vibration,  and  these  are  such  M 
to  disqualify  the  vapour,  when  acting  freely  as  such,  fn 
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Tieing  raised  to  a  white  heat.     The  oxyhydrogen  flame,  for 
mple,  consists  of  hot  aqueous  vapour.     It  is  scarcely 
iaible  in  the  air  of  this  room,  and  it  would  be  still  less 
visible  if  we  could  bum  the  gas  in  a  clean  atmosphere. 
But  the  atmosphere,  even  at  the  summit  of  Mont  Blanc, 
is  dirty ;  in  London  it  is  more  than  dirty  ;  and  the  burn- 
ing  dirt   gives  to  this  flame  the  greater  portion  of  its 
iresent  light.     But  the  heat  of  the  flame  is  enormous, 
iron  fuses  at  a  temperatiu-e  of  2>00()°  Fahr. ;  while 
e  temperatiu-e  of  the  oxyhydrogen  flame  is  6,000°  Fahr. 
A  piece  of  platinum  is  heated  to  vivid  redness,  at  a  distance 
two  inches  beyond  the  visible  termination  of  the  flame, 
'lie  vapour  which  produces  incandescence  is  here  abso- 
lutely dark.     In  the  flame  itself  the  platinum  is  raised  to 
ing   whiteness,  and  is   even   pierced  by  the   flame. 
Then  this  flame  impinges  on  a  piece  of  lime,  we  have  the 
ng  Drummond  light.     But  the  light  is  here  due  to 
le  fact  that  when  it  impinges  upon  the  solid  body,  the 
brations  excited  in  that  body  by  the  flame  are  of  periods 
fferent  from  its  own. 

Thus  far  we  have  fixed  our  attention  on  atoms  and 

olecules  in  a  state  of  vibration,  and  surrounded  by  a 

letlium  which  accepts  their  vibrations,  and  transmits  them 

rough  space.     But  suppose  the  waves  generated  by  one 

■m  of  molecules  to  impinge  upon  another  system,  how 

will  the  waves  be  affected  ?     Will  they  be  stopped,  or 

will  they  be  permitted  to  pass  ?     Will  they  transfer  their 

otion  to  the  molecules  on  whicli  they  impinge,  or  will 

ey  glide  round  the  molecules,  through  the  intermole- 

cular  spaces,  and  thus  escape  ? 

The  answer  to  this  question  depends  upon  a  condition 
which  may  be  beautifully  exemplified  by  an  experiment 
on  sound.  These  two  tuning-forks  are  tuned  absolutely 
alike.  They  vibrate  with  the  same  rapidity,  and,  mounted 
us  upon  their   resonant  cases,  you   bear   them  loudly 
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sounding  the  same  musical  note.     Stopping  one  of  the 
forks,  I  throw  the  other  into  strong  vibration,  and  bri; 
that  other  near  the  silent  fork,  but  not  into  contact  wi 
it.     Allowing  them  to  continue  in  this  position  for  four 
or  five  seconds,  and  then  stopping  the  vibrating  fork, 
the  sound  has  not  ceased.     The  second  fork  lias  taken  u; 
the  vibrations  of  its  neighbour,  and  is  now  sounding  in  il 
turu.     Dismounting  one  of  the  forks,  and  permitting  thi 
other  to  remain  upon  its  stand,  I  throw  the  dismounted 
fork  into  strong  vibration.     You  cannot  hear  it  sou 
Detached  from  its  stand,  the  amount  of  motion  which  t 
can  communicate  to  the  air  is  too  small  to  be  sen&ible 
at  any  distance.     When  the  dismounted  fork  is  brought 
close  to  the  mounted  one,  but  not  into  actual  contact  with 
it,  out  of  the  silence  rises  a  mellow  sound.    Whence  comes 
it  ?     From  the  vibrations  which  have  been  transferred  from 
the  dismounted  fork  to  the  mounted  one. 

That  the  motion  should  thus  transfer  itself  through  t1 
air  it  is  necessai'j  that  the  two  forks  should  be  in  perfect 
unison.  If  a  morsel  of  wax  not  larger  than  a  pea  be  placed 
on  one  of  the  forks,  it  is  rendered  thereby  powerless 
to  affect,  or  to  be  afifected  by,  the  other.  It  is  easy  to 
imderstand  this  experiment.  The  pulses  of  the  one  fork 
can  affect  the  other,  because  they  are  perfectly  timed.  A 
single  pulse  causes  the  prong  of  the  silent  fork  to  vibrat* 
through  an  infinitesimal  space.  But  just  as  it  has  com- 
pleted this  small  vibration,  another  pulse  is  ready  to  strike 
it.  Thus,  the  impulses  add  themselves  together.  In 
the  five  seconds  during  which  the  forks  were  held  near 
each  other,  the  vibrating  fork  sent  1.280  waves  against 
its  neighbour,  and  those  1,'2S0  shocks,  all  delivered  at  the 
proper  moment,  idl,  as  I  have  said,  perfectly  timed,  have 
given  such  strength  to  the  vibrations  of  the  mounted  fork 
as  to  render  them  audible  to  all. 

Another  curious  illustration  of  the  influence  of  svi 
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ronism  nn  musical  vibrations,  is  this  :  Three  small  gas- 

nes   are  inserted   into   three  glass  tubes  of  different 

Each  of  these   flames  can  be  caused  to  emit 

lusical   note,   the   pitcli    of  which   is  determined  by 

lengfth    of  the   tube   surrounding   the   flame.      The 

Iorter  the  tube  the  higher  is  the  pitch.  The  flames  are 
||r  silent  within  their  respective  tubes,  but  each  of 
em  can  be  caused  to  re,'!pond  to  a  proper  note  soimded 
fwhere  in  this  room.  With  an  instrument  called  a  syren, 
jwerfiil  musical  note,  of  increasing  pitch,  can  be  pro- 
Beginning  with  a  note  of  low  pitch,  and  ascending 
lually  to  a  higher  one,  we  finally  attain  the  note  of  the 
ae  in  the  longest  tube.  The  moment  it  is  reached, 
flame  bursts  into  song.  The  other  flames  are  still 
It  within  their  tubes.  But  by  urging  the  instrument 
,  to  higher  notes,  the  second  flame  is  started,  and  the 
alone  remains.  A  still  higher  note  starts  it  also, 
js,  as  the  sound  of  the  syren  rises  gradually  in  pitch, 
[awakens  every  flame  in  passing,  by  striking  it  with 
ries  of  waves  whose  periods  of  recurrence  are  similar 
tits  own. 
Now  the  wave-motion  from  the  syren  is  in  part  taken 
by  the  flame  which  synchronises  with  the  waves ;  and 
these  waves  to  impinge  upon  a  multitude  of  flames, 
of  upon  one  flame  only,  the  transference  might  be 
it  as  to  absorb  the  whole  of  tlie  original  wave-ruotion. 
OS  apply  these  facts  to  radiant  heat.  This  blue  flame 
[the  flame  of  carbonic  oxide ;  this  transparent  gas  is 
rbonic  acid  gas.  In  the  blue  flame  we  have  carbonic 
kcid  intensely  heated,  or,  in  other  words,  in  a  state  of 
intense  vibration.  It  thus  resembles  the  sounding  fork, 
l^iie '  this  cold  carbonic  acid  resembles  the  silent  one. 
^lat  is  the  consequence  ?  Through  the  synchronism  of 
Uie  hot  and  cold  gas,  transmission  ©f  the  radiant  heat  of 
former  through  the  latter  is  prevented.     The  cold  gas 
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is  intensely  opaque  to  the  radiation  from  tbia 
ticvilar  flamr,  though  highly  transparent  to  heat  of 
other  kiml.  We  are  here  manifestly  dealin|[ 
that  great  jjriuciple  which  lies  at  the  basis  of 
analysis,  und  which  has  enabled  scientific  men  to 
mine  the  solwtancea  of  which  the  bud,  the  stars,  and 
the  nebulsB  are  nrrmnftSAil  ■  t.lin  principle,  namely,  ti^ilil 


body  which  is  co 
or  light,  is  comp 
ray.  The  absorj 
ing  between  the 
rays,  or  mure  coi 
atoms  on  which  t 
To  its  incoE 
vapour  adds  incompt~ 


t  any  ray,  whether  of  1 
tno  degree  to  alisorbl 
ya  the  ^nehronUm  exbt> 
the  atoms  from  whicli  I 
W,  UBue,  and  those  of 


lit  white  light,  aqi 
«orb  white  light.     It 


not,  for  example,  absorb  the  luminous  rays  of  the  sun, 
though  it  can  absorb  the  non-luminous  rays  of  the  eartlu 
This  incompetence  of  the  vapour  to  absorb  luminous  ray3 
is  sharetl  b\"  water  and  ice — in  fact,  by  all  really  trans- 
parent substances.  Their  transparency  is  due  to  their 
inability  to  absorb  luminous  rays.  The  molccides  of  such 
substances  are  in  dissonance  with  the  luminous  waves; 
and  hence  such  waves  pass  through  transparent  bodies 
witliout  disturbing  the  molecular  rest.  A  purely  luminous 
beam,  however  intense  may  be  its  heat,  is  sensibly  incom- 
petent to  melt  the  smallest  particle  of  ice.  We  can,  for 
example,  converge  a  powerful  luminous  beam  upon  a  sur- 
facecovered  with  hoar  frost,  without  melting  a  single  spicula 
of  the  ice  crystals.  How  then,  it  may  be  asked,  are  the 
snows  of  the  Alps  swept  away  by  tlie  sunshine  of  summer? 
I  answer,  they  are  not  swept  away  by  sunshine  at  all,  but 
by  rays  wliich  have  no  sunshine  whatever  in  them.  The 
luminous  rays  of  the  sun  fall  upon  the  snow-fields  and 
are  flashed  in  echoes  from  crystal  to  crystal,  but  they  find 
next  to  no  lodgment  within  the  crystals.     They  are  hardly 
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ill  absorbed,  and  hence  they  cannot   produce  fiuion. 
nt  a  body  of  powerful  dark  rays  is  emitted  by  the  sun  ; 
iuid  it   is   these  tliat    cause  the   glaciers  to   shrink  and 
snows  to  disappear ;  it  is  they  tliat  fill  the  banks  of 
Arve  and  Arveyron,  and  liberate  from  their    frozen 
livity  the  Rhone  and  tlie  Rhine. 

I  Placing  a  concave  silvered  mirror  behind  the  electric 
lit  its  raj's  are  converged  to  a  focus  of  dazzling  bril- 
Hcy.    Placing  in  the  path  of  the  rays,  between  the  light 
the  focus,  a  vessel  of  water,  and  introducing  at  the 
lis  a  piece  of  ice,  the  ice  is  not  melted  by  tlie  concen- 
tcd  beam.     Matches,  at  the  same   place,  are  ignited, 
wood   is  set  on  fire.     The  powerful   heat,   then,  of 
yjtbi^  luminous  beam  is  incompetent  to  melt  the  ice.     On 
bdrawing    the    cell    of    wnter,  the   ice   immediately 
uefies,  and  the  water  trickles  from  it  in  drnps.     Re- 
ducing  the    cell    of   Wiiter,  the    fusion    is    arrested, 
tiie  drops  cease  to  fall.     The  transparent  water  of 
cell  exerts   no  sensible  aljsorption  on  the    huninous 
still  it  withdraws  sometliing  from  the  beam,  which, 
permitted   to  act,  is   competent  to  melt  the  ice. 
Bometbing   is   the   dark    radiation   of  the   electric 
it.     Again,  I  place  a  slab  of  pure  ice  in  front  of  tlie 
trie  lamp ;  send  a  luminous  beam  first  through  om- 
of  w^ater  and   then  through  the  ice.     By  means  of 
an  image  of  the  slab  is  cast  upon  a  wliite  screen. 
he  beam,  sifted  by  the  water,  has  little  power  upon  the 
But  ottexve  what  occurs  when  the  water  is  removed; 
•  have  here  a  star  and  there  a  star,  each  star  resembling 
lower  of  sis  petals,  and  growing  visibly  larger  before 
eyes.     As  the  leaves  enlarge,  their  edges  bjecome  ser- 
but  there  is  no  deviation  from  the  six-rayed  type. 
le  have  here,  in  fact,  the  cmtallisation  of  the  ice  inverted 
the  invisible  rays  of  the  electric  beam.     Tlicy  take  the 
i>le<niles  down  in  this  wonderful  way,  and  reveal  to  ua 
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the  exquisite  atomic  strncture  of  tliesitbsiunce  with 
Nature  every  winter  roofa  our  ponds  and  lnkf«. 

Numbeiltss  efifeets,  apparently  anomaloiw,  might  I*- 
adduced  in  illustration  of  the  action  of  these  Ugbtlesa  rajv 
These  two  powders,  for  example,  are  both  white, 
nndistinguisliable  from  each  other  by  the  eye,  TW 
luminous  raya  of    '  oabsorbed  by  both — froo 

such  rays   these  ;  -e  no  heat ;    still  one  of 

them,  suf^ar,  is  \  ily   by   the   concentrate 

l>eam  of  thi'  elect  it  first  Rmokei  and  tjieo 

violently   inHamei  ither   substance,   aalt,  h 

barely  wanned    !  jJpiacing'   two   perfectij' 

transparent   liqui  w  at  the   focus,  on«  oT 

them  boils  in  a  tls,  while  the  other,  in  % 

similar  position,  is  hanuy  ■warmed.  Tho  boiling-point 
of  the  first  liquid  is  78°  C.,  which  is  speedily  reached; 
that  of  the  second  liquid  is  only  48°  C,  which  is  nerer 
reached  at  all.  These  anomalies  are  entirely  due  to  the 
imseen  elenn'iit  which  mingles  with  the  biminoiia  raT3  of 
tho  electric  bfam,  and  indeed  constitutes  90  per  c eat.  of 
its  caloritic  ])Ower. 

A  substance,  as  many  of  you  know,  has  been  discovered, 
by  which  thfsc  dark  rays  may  be  detached  from  the  totiJ 
emission  of  the  electric  lamp.  This  ray-filter  is  a  liquid, 
black  as  pitch  to  the  luminous,  but  bright  as  a  diamond 
to  the  non-liuninous,  radiation.  It  mercilessly  cuts  off  the 
former,  but  allows  the  latter  free  transmission.  When 
these  invisible  rays  are  brought  to  a  focus,  at  a  distance 
of  several  feet  from  the  electric  lamp,  the  dark  rays  form 
an  invisible  image  of  their  source.  By  proper  mean?, 
this  image  may  be  transformed  into  a  visible  one  of 
dazzling  brightness.  It  might,  moreover,  be  sho-wn,  if 
time  permitted,  how,  out  of  those  perfectly  dark  rays, 
could  hi'  extracted,  by  a  process  of  transmutation,  all  the 
colours  of  tlio  solar  spectrum.     It  might  also  be  proved 
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(t  those  rays,  powerful  as  they  are,  and  sufficient  to 
many  metals,  can  be  permitted  to  enter  the  eye,  and 
break  upon   the  retina,  without  producing  the   least 
Iqous  impression. 

The  dark  rays  being  thus  collected,  you  see  nothing 

their  place  of   convergence.    With  a  proper  thermo- 

er  it  could  be  proved  that  even  the  air  at  the  focus 

as  cold  as  the  surrounding  air.      And  mark  the 

elusion  to  which  this  leads.     It  proves  the  aetfier  at 

focus  to  be  practically  detached  from  the  air, — that 

I  most  violent  aethcreal  motion  may  there  eafist,  without 

least  aerial  motion.     But,  though  you  see  it  not,  Ihere 

IsufiBcient  heat  at  tliat  focus  to  set  London   on   fire. 

heat  there  is  competent  to  raise  iron  to  a  temper- 

at  which  it  throws  off  brilliant  scintillations.     It 

beat  platinum  to  whiteness,  and  almost  fuse  that  re- 

>ry  metal.     It  actually  can  fuse  gold,  silver,  copper, 

aluminium.     The  moment,  moreover,  that  wood  is 

at  the  focus  it  bursts  into  a  blaze. 

lias  been  already  affirmed  that,  whether  as  regards 

iition  or  absorption,  the  elementary  atoms  possess  but 

tie  power.     This  might  be  illustrated  by  a  long  array 

F&cts  ;  and  one  of  the  most  singular  of  these  is  fiu^ished 

Kbe  deportment  of  that  extremely  combustible  substance, 

sphonis,  when  placed  at  the  dark  focus.     It  is  impos- 

le  to  ignite  there  a  fragment  of  amorphous  phosphorus. 

ordinary  phosphorus  is  a  far  quicker  combustible,  and 

its  deportment  towards  radiant  heat  is  still  more  impressive. 

It  may  be  exposed  to  the  intense  radiation  of  an  ordinary 

fire  without  bursting  into  flame.   It  may  also  be  exposed  for 

twenty  or  thirty  seconds  at  an  obscure  focus,  of  sufficient 

power  to  raise  platinum  to  a  red  heat,  without  ignition. 

Jfotwilhstanding  the  energy  of  the  aethereal  waves  here 

^ncentrated,  notwithstanding  the  extremely  inflammable 

^llMnotcr  of  the  elementary  bodj  exposed  tu  tlioit  actiotv^ 

Q  2 
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tbf  atiims  !tf  tliat  body  refuse  tr>  partake  of  the  motion  of 
the  powerful  waves  of  low  refrangibility,  and  consequentlj 
cannot  Ijf  ntTc-cted  by  their  heat. 

Tlie  laiowU'dge  we  now  possess  ■will  enable  iis  to 
analyse  witli  profit  a  practical  question.  "White  dresM* 
are    worn  in    summer,   because    they   are   found   to  lie 


cooler  than  dark  oi 
placed  bits  of  clo 
them  to  direct  a 
different  dt'ptlis  ii 
tlie  wliitc  did  not 
experiment  that  I 
white  oufP  the  ^ 
us  te^^t  till'  gener 
two  cards   is   coated  with 


"briited  Benjamin  Franklin 
tlonis  upon  snow,  exposed 
found  that  they  sank  td 
a  black  cloth  sank  dwpeit, 
■t^in  inferred  from  thit 
\  tbe  liest  alisorbers,  anil 
I,  of  rridiant  heat.  Let 
ooclusion.  One  of  these 
a  very  dark  powder,  and  the 


other  with  a  perfectly  white  one.  I  place  the  pow- 
dered surfaces  before  a  fire,  and  leave  them  there 
initil  they  have  acquired  as  high  a  lemperature  as  they 
can  attain  in  this  position,  "Which  of  the  cards  is  then 
most  highly  heated  ?  It  reqnit  cs  no  thermomet  er  to  answer 
this  question  ?  .Simply  pressing  the  hack  of  the  card,  on 
which  the  wliite  powder  is  strewn,  against  the  cheek  or 
forehead,  it  is  found  intolerably  hot.  Placing  the  dark  card 
in  the  same  position,  it  is  found  cool.  The  white  powder  has 
absorbed  far  more  heat  than  the  dark  one.  This  simple 
result  abolishes  a  hundred  conclusions  which  have  been 
hastily  drawn  from  the  experiment  of  Franklin.  Again, 
here  are  suspended  two  delicate  mercurial  thermometers 
at  the  same  distance  from  a  gas-flame.  The  bvdb  of  one 
of  them  is  covered  by  a  dark  substance,  the  bulb  of  the 
other  by  a  white  one.  Both  bulbs  have  received  the  radia- 
tion from  the  flame,  but  the  white  bulb  has  absorbed  most, 
and  its  mercury  stands  much  higher  than  that  of  the  other 
thermometer.  This  experiment  might  be  varied  in  a 
hundred  ways  :    it  proves    that    from  the  darkness  of  a 
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IxxJy  you  can  draw  no  certain  conclusion  rcgaitling   its 
power  of  absoi-ption. 

Tiie  reason  of  this  simply  is,  that  colour  gives  us  intel- 
ligence of  only  one  portion,  and  that  the  smallest  one,  of 
the  rays  impinging  on  the  coloured  body.  Were  the 
rays  all  luminou*,  we  might  with  certainty  infer  from  the 
colour  of  a  body  its  power  of  absorption ;  but  the  great 
mass  of  the  radiation  from  our  fire,  our  gas-flame,  and 

Ken  from  the  sim  itself,  consists  of  invisible  calorific  rays, 
warding  which  colour  teaches  us  nothing.  A  body  may 
he  higlily  transparent  to  the  one  class  of  rays,  and  highly 
opaque  to  the  other.  Tlius  the  white  powder,  which 
Las  shown  itself  so  powerful  an  absorber,  has  been 
specially  selected  on  account  of  its  extreme  perviousness 
to  the  visible  rays,  and  its  extreme  imperviousness  to  the 
invisible  ones  ;  while  the  dark  powder  was  chosen  on  ac- 
coimt  of  its  extreme  transparency  to  the  invisible,  and  its 
jfcKtreme  opacity  to  the  visible,  rays.  In  the  case  of  the 
Radiation  from  our  fire,  about  !)8  per  cent,  of  the  whole  emis- 
sion consists  of  invisible  rays ;  the  body,  therefore,  which 
was  most  opacjue  to  these  triumphed  as  an  absorber, 
though  that  body  was  a  wlute  one. 

And  liere  it  is  worth  while  to  consider  the  manner  in 
which  we  obtain  from  natural  facts  what  may  be  called 
their  intellectual  value.  Tliroughout  the  processes  of 
Nature  we  have  interdependence  and  harmony ;  and  the 
main  value  of  physics,  considered  as  a  mental  dis- 
cipline, consists  in  the  tracing  out  of  this  interdependence, 
and  the  demonstration  of  this  harmony.  The  outward 
and  visible  phenomena  are  the  counters  of  the  intel- 
lect ;  and  our  science  would  not  be  worthy  of  its  name 
and  fame  if  it  halted  at  facts,  however  practically  useful, 
and  neglected  the  laws  which  accompany  and  rule  the 
phenomena.  Let  us  endeavour,  then,  to  extract  from  the 
^fcperiment  of  Franklin    all   that  it   can  yield,  ca\lvn» 
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to  our  aid  tlio  knowledge  wliicli  oiir  predecessors 
already  stored.  Let  us  imagine  two  pieces  of  clotla  of ' 
the  same  texture,  the  one  black  and  the  other  wbite, 
placed  upon  simned  snow.  Fixing  our  attention  on  tht 
white  piece,  li^t  us  enquire  whether  there  i«  any  leaaoo 
to  expect  that,  it  will  sink  in  the  snow  at  all.  There  t 
knowledge  at  fiand  which  enables  ns  to  reply  at  once  ill 
the  negative.  There  is,  on  the  contrary,  reason  to  eip«t 
that,  after  a  sTifficient  exoosure.  the  bit  of  cloth  will  be 
found  on  an  emine  [  in  a  lioUow ;  that  m- 

stead  of  a  depressio:  ivo  a  relative  eleration 

of  the  bit  of  cloth.  (ds  the  liiminons  rays  of 

the  sun,  the  cloth  lire  alike  powerless ;  tk 

one  cannot  be  wa  i  other  melted,  by  auci 

rays.     The  cloth  i  i  snow  is  white,  beeanW 

their  confusedly  n  Kod  particles  are  incom- 

petent to  absorb  t  lya.     Whether,  then,  the 

cloth  will  sink  or  ^_.  entirely  upon  the  ditfl; 

rays  of  the  sun.  Now  the  substance  wliich  absorbs  these 
dark  rays  with  the  greatest  avidity  is  ice,^or  snow, 
which  is  merclv  ice  in  powder.  Hence,  a  less  amount  of 
heat  will  be  lodged  in  tlie  cloth  than  in  the  surrounding 
snow.  Tlie  cloth  must  therefore  act  as  a  shield  to  tlie 
snow  on  which  it  rests  :  and,  in  consetpTenoe  of  the  more 
rapid  fusion  of  the  exposed  snow,  its  shield  must,  in  due 
time,  be  left  behind,  perched  upon  an  eminence  like  a 
glacier-table. 

But  though  the  snow  transcends  the  cloth,  both  as  a 
radiator  and  a1)sorber,  it  does  not  much  transcend  it. 
Cloth  is  very  powerful  in  both  these  respects.  Let  us 
now  turn  oiu*  attention  to  the  piece  of  black  cloth,  the 
texture  and  fabric  of  which  I  assume  to  be  the  same  as 
that  of  the  white.  For  our  object  being  to  compare  the 
effects  of  colour,  we  must,  in  order  to  study  this  effect  in  its 
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irity,  preserve  all  the  other  conditions  constant.     Let  us 
I  suppose  the  black  clotli  to  be  obtained  from  the  dye- 
Bg  of  the  white.     The  cloth  itself,  without  reference  to 
'^Ihe  dye,  is  nearly  as  good  an  absorber  of  heat  as  the  snow 
\  4round  it.     But  to  the  absorption  of  the  dark  solar  rays 
\k  the  imdyed  cloth,  is  now  added  the  absorption  of  the 
j  thole  of  the  luminous  rays,  and  this  great  adtlitional  in- 
|iux  of  heat  is  far  more  than  sufficient  to  turn  the  balance 
ill  feivour  of  the  black  cloth.    The  sum  of  its  actions  on  the 
1 4lark  and  luminous  rays,  exceeds  the  action  of  the  snow  on 
I  the  dark  rays  alone.   Hence  the  cloth  will  sink  in  the  snow, 
»nd  tliis  is  the  complete  analysis  of  Franklin's  experiment. 
Throughout  this  discourse  the  main  stress  has  been 
l»id  on  chemical  constitution,  as  influencing  moat  power- 
fully the  phenomena  of  radiation  and  absorption.     With 
[  ngsrd  to  gases  and  vapours,  and  to  the  liquids  fiom  which 
thftie  vapours  are  derived,  it  has  been  proved  by  the  most 
ftaried  and  conclusive  experiments  that  the  acts  of  radia- 
[jion  and  absorption  are  mulecular — that  they  depend  upon 
bemicul,  and  not   upon  mechanical,   condition.     In  at- 
kmpting  to  extend  this  principle  to  solids  I  was  met  by  a 
mUtitmle  of  tiacts,  obtained  by  celebrated  experimenters, 
nhich  seemed  flatly  to  forbid  such  an  extension.     Melloni, 
Bf  example,  had  found  the  same  radiant  and  absorbent 
[)wer  for  chalk  and  lamp-black.     MM.  Massou  and  Cour- 
hod  performed  a  most  elaborate  series  of  experiments 
chemical  precipitates  of  various  kinds,  and  found  that 
hey  one  and  all  manifested  the  same  power  of  radiation. 
liey  concluded  from  th<}ir  researches,  that  wlien  bi)dies 
reduced  to  an  extremely  fine  state  of  division,  the 
"influence  of  this  state  is  so  powerfid  as  entirely  to  mask 
ad  override  whatever  influence  may  be  due  to  chemical 
rastitutioQ. 

But  it  appears  to  me  that  through  the  whole  of  these 
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researches  an  oversiglit  has  run,  tlie  mere  "mention  of  whicli 
will  show  w]i:it  caution  is  essentia!  in  the  operations  ol 
experimental  phi lotjophy ;  while  an  experiment  ur  t 
will  make  cl<';ir  wherein  the  oversight  consists.  Fi 
a  brightly  polished  metal  cube  with  Ixtiling  water, 
determine  the  quantity  of  heat  emitted  by  two  of 
bright  surfaces.      As   a   radiator   of  heat   one  of  t 


far   transcends  t] 

metallic ;  what, 

ence  in  their  rad 

surfaces  is  eoatec 

of  course,  is  see 

varnish,    though 

rays,  is  as  dpaqu 

nous   ones.     It  i. 

is    also  a   powerful  absorber. 


L  surfaces  appear  to 
be  of  the  observed  differ 
jBimply  this :  one  of  the 
^t  gum,  through  which, 
.lustre  behind ;  and  tUi* 
transparent  to  lumimuDt 
■mp-black,  to  non-himi- 
taitter  of  dark  rays;  it 
While,  therefore,  at  ths 


present  moment,  it  is  copiously  pouring  forth  radiant 
lieat  itself,  it  does  not  allow  a  single  ray  from  the  metul 
behind  to  pass  through  it.  The  varnish  then,  and  not 
the  metal,  is  the  real  radiator. 

Now  IMelloni,  and  Masson,  and  Courtepec  experimented 
thus :  they  mixed  their  powders  and  precipitates  with 
gum-water,  and  laid  them,  by  means  of  a  brush,  upon  tlie 
surfaces  of  a  cube  like  this.  True,  they  saw  their  red 
powders  red,  their  white  ones  white,  and  their  black  ones 
black,  but  they  saw  these  colours  through  the  coat  of 
varnish  which  encircled  eveii/  particle  of  their  poicd^rs. 
When,  therefore,  it  was  concluded  that  colour  had  no 
influence  on  radiation,  no  chance  had  been  given  to  it  of 
asserting  its  influence ;  when  it  was  found  that  all  chemi- 
cal precipitates  radiated  alike,  it  was  the  radiation  from  a 
varnish,  common  to  them  all,  which  showed  the  observed 
constancy.  Hundreds,  perhaps  thousands,  of  experiments 
on  radiant  heat  have  been  performed  in  this  way,  by 
various  encjuirers,  but   the  work  will,  I  fear,  have  to  be 
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ae  over  again.     I  am  not,  indeed,  acquainted  with  an 

ace  in  whicli  an  oversight  of  so  tri\'ial  a  character 

been  committed  by  bo  many  able  men  in  succession, 

^•itiatod  so  large  an  amount  of  otherwise  excellent 

rk. 

Basing  our  reasonings  thus  on  demonstrated  facts,  we 
ive  at  the  extremely  probable  conclusion  tliat  the  en- 
of  the  particles,  and  not  the  particles  themselves, 
rihe  real  radiator  in  the  experiments  just  referred  to. 
I  reason  thus,  and  deduce  their  more  or  less  probable 
equences    from    experimental    facts,  is  an  incessant 
tise  of  the  sttident  of  physical  science.     But  having 
followed,  for  a  time,  the  light  of  reason  alone  througli 
■ies  of  phenomena,  and  emerged  from  them  with  a 
ij  intellectual  conclusion,  our  duty  is  to  bring  tliat 
iclusion  to  an  exjjerimental  test.     In  this  way  we  fortify 
■  science,  sparing  no  pains  and  sliirking  no  toil,  to  secure 
ud  materials  for  the  edifice  which  it  is  our  privilege 
Ftaise. 
For  the  purpose  of  testing  our  conclusion  regarding  the 
inQuence  of  the  gum,  I  take  two  powders  presenting  the 
^nne  physical  appearance  ;  one  of  them  is  a  compound  of 
^ftrcury,  and  the  other  a  compound  of  lead.     On  two  siu- 
HiM  of  a  cube  are  spread  these  bright  red  powders,  witli- 
OBt  varnish  of  any  kind.     Filling  the  cube  with  boiling 
walfcr,and  determining  the  radiation  from  the  two  surfaces, 
one  of  them  is  found  to  emit  thirty-nine  units  of  heat,  whik^ 
the  other  emits  seventy-four.     This,  surely,  is  a  great  dif- 
ference.    Here,  however,  is  a  second  cube,  having  two  of 
its  surfaces  coated  with  the  same  powders,  the  only  dif- 
ference being  that  the  powders  are  laid  on  by  means  of 
a   t.ransj)arent  giim.      Both  surfaces   are  now   absolutely 
alike  in  radiative  power.      Botli  of  them  emit  somewliat 
more  than  was  emitted  by  either  of  the  unvarnished  powders, 
simply  because  the  gum  employed  is  a  better  radiator  than 
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either  of  them.     Excluding  all  vaiuish,  and  comp 

"white  with  wliite,  vast  differeacee  are  found ;  cotnj 
black    with    Ijlack,  tliey   are   aim    diffei-ent ;    and   wha 
black  and  white  are  compared,  in  some  cases  the  bli 
radiates  far  mure  than  the  white,  while  in  other  casa 
white  radiates  far   more   than  the  black.     Determiiiiil 
moreover,  the  .ih* — -^•••~  — —-  of  those  pttwders,  it  U 


their   raflintive  poww. 
■bcr,  and  the  bad  radiator 
1  it  is  evident  that  as  n- ' 
n  of  non-Iuminoiis  beat, 
hat  even  as  regards  t!»i 
■s  it  does  mainly  of  niji 
I  the  influence  of  ooL 
ia  is  the  strict  scientif 


found  to  go  hant 
The  good  radiator 
is  a  bad  absorber, 
gards  the  radiatio: 
colour  teaches  us  ; 
radiation  of  the  si 
luminous  rays,  co 
may  be  altogether  deiiiwvv^. 
upshot  of  our  researches.  But  it  is  not  the  less  true  that 
in  the  case  of  wearing  apparel — and  this  for  reasons  which 
I  have  given  in  analysing  the  experiraeut  of  Franklin- 
black  dresses  are  more  potent  tbau  white  ones  as  aljsorbers 
of  solar  heat. 

Thus,  in  brief  outline,  have  licen  brought  before  you  a 
few  of  the  results  of  recent  enquiry.  If  you  ask  me  what 
is  the  use  of  them,  I  can  hardly  answer  you,  unless  you 
tlefine  the  term  use.  If  you  meant  to  ask  whether 
those  dark  rays  which  clear  away  the  Alpine  snows,  will 
ever  be  applied  to  the  roasting  of  turkeys,  or  the  driving 
(if  steam-engines — while  affirming  their  power  to  do  both, 
I  woidd  frankly  confess  that  they  are  not  at  present 
capable  of  competing  profitably  with  coal  in  these  parti- 
culars. Still  they  may  have  great  uses  unknown  to  me ; 
and  when  our  coal-fields  are  exhausted,  it  is  possible  that 
a  more  aethereal  race  than  we  are  may  cook  their 
victuals,  and  perform  their  work,  in  this  transcendental 
way.  But  is  it  necessary  that  the  student  of  science 
should  have  his  labours  tested  by  their  possible  practical 
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applications?     What  is  the  practical  value  of  Homers 
Iliad  ?     You  smile,  and  possibly  think  that  Homer's  Iliad 
^8  good  as  a  means  of  culture.     There's  the  rub.     The 
^Mople  who  demand  of  science  practical  uses,  forget,  or  do 
^not  know,  that  it  also  is  great  as  a  means  of  culture — that 
,,tbe  knowledge  of  this  wonderfid  universe  is  a  thing  profit- 
able in  itself,  and  requiring  no  practical  application  to  jus- 
tify its  piu-suit. 
^^    But   while  the  student  of  Nature  distinctly   refuses 
^K  have  his  labours  judged  by  their  practical  issues,  im- 
^BS   the  term  practical  be  made  to   include  mental   as 
^Hbll  as  material  good,  he  knows  full  well  that  the  greatest 
^Btnctical  triumphs  have  been  episodes  in  the  search  after 
^Bure  natural  truth.     The  electric  telegraph  is  the  standing 
^wonder  of  this  age,  and  the  men  whose  scientific  know- 
c,  and  mechanical  skill,  have  made  the  telegraph  what 
is,  are  deserving  of  all  honour.     In  fact,  they  have  had 
•ir  reward,  both  in  reputation  and  in  those  more  substan- 
benefits  which  the  direct  service  of  the  public  always 
es  in  its  train.     But  who,  I  would  ask,  put  the  soul 
this  telegraphic  body  ?     Who  snatched  from  heaven 
le  fire  that  Hashes  along  the  line  ?     This,  I  am  bound  to 
say,  was  done  by  two  men,  the   one  a  dweller  in  Italy,' 
the   other   a   dweller   in  England,*   who  never  in  their 
enquiries  consciously  set  a  practical  object  bf^fore  them, 
— whose  only  stimulus  was  the  fascination  which  draws 
the  climber  to  a  never-trodden  peak,   and  would  have 
made   Ciesar   quit    his    victories    for  the    sources    of  the 

«iile.  That  the  knowledge  brought  us  by  those  prophets, 
■iests,  and  kings  of  science  is  what  the  world  calls 
peful  knowledge,  the  triimiphant  application  of  their 
Iscoveries  proves.  But  science  has  another  function 
*  '"'.  in  the  storing   and  the  training  of  the  huma 
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mind ;    and    I    would    base   my  appeal  to    you    on 

specimen  wLicli  has  this  evening  been  brought  before  yo 
whether  any  system  of  etliication  at  the  present  day* 
be  deemed  cxen  approximately  complete,    iu   wbicb 
knowledge  of"  Nature  is  neglected  or  ignored. 


The  opening  pi 
others  iu  tliis  vo 
boundary  of  expel 
much  comniiif  iuu 
December  ly75. 


is  ajticle,  as  indeed  m 

lat  'tiic  crossing  of 
mtioD  of  which  caused 
110  new  heresy  of  mii 
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IV. 
fir  CHEMICAL  ItEACTIONS  PRODUCED  BY  LIGHT. 
1808-Of). 


1. 


1868  I  a£kcd  permission  of  tbe  Royal  Society  to  draw 

the  att<?ntion  of  cbemists  to  a  method  of  experiment 
hich,  though  simple,  was  unknown.     It  consists  in  sub- 

Dg  the  vapours  of  volatile  liquids  to  the  action  of 
Doentrated   sunlight,  or  to  the   concentrated   beam   of 

electric  light.  This  communication  was  tlie  imme- 
Ite  antecedent  of  the  discoiu-se  on  '  Dust  and  Disease ' 
Mch  follows  it  in  this  volume ;  and  as  Buch  is  introduced 


Action  of  the  Electric  Light. 

A  glass  tube  2*8  feet  long  and  of  2*5  inches  internal 
diameter,  which  had  been  frequently  employed  in  my  re- 
searches on  radiant  heat,  was  supported  horizontally.  At 
one  end  of  it  was  placed  an  electric  lamp,  the  height  and 
podtion  of  both  being  so  arranged,  that  the  axis  of  the 
^ass  tube,  and  that  of  the  parallel  beam  issuing  from 
tiie  lamp,  were  coincident.  The  tube  in  the  first  experi- 
nents  was  closed  by  plates  of  rock-salt,  and  subsequently 
tj  plateti  of  glass. 

This  tulxi  which,  as  on  former  occasions,  for  the  sake 
f  distinction,  I  call  the  expeririwntal  tube,  was  connected 
ritii  an  air-pump,  and  also  with  a  series  of  drying  and 
>ther  tubes  used  for  the  purilic4ition  of  the  air. 
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A  number  of  test-tubes,  like  f,  fig.  2  (I  have  use 
least  fifty  of  them),  were  converted  into  Woulfs 

no.  J.  Each  of  them  was  stopped  by 

cork,  through  which   passed  two 
glass  tubes :   one  of  these  tubes 
(a)  ended  immediately  below  the 
cork,  while  the  other  (6)  desoendo 
to  the  bottom  of  the  flask,  bein| 
drawn  out  at  its  lower  end  to  : 
orifice  about  (H)3  of  an   inch 
diameter.     It  was  found  nece 
to   coat  the  cork  carefully  wit 
cement. 

The  little  flask,  thus  forme<i, 
was  partially  filled  with  the  liquid 
whose  vapour  was  to  be  examined; 
it  was  then  introduced  into  the 
path  of  the  purified  current  of  air. 

The  experimental  tube    bein^^i 
exhausted,  and  the  cock  which  ci4^| 
II .    Ill  off  the  supply  of  purified  air  being^ 

^^H  cautiously  turned  on,  the  air  en- 

^^1  tered  the  flask  through  the  tube 

^^^  b,  and  escaped  by  the  small  orifice 

of  b  into  the  liquid.     Through  this  it 


at  the  lower  end 

bubbled,  loading  itself  -mih  vapoiu-,  after  which  the  mixed 

air  and  vapoiu-,  passing  from  the  flask  by  the  tube  a, 

I  entered  the  experimental  tube,  where  they  were  subjected 
to  the  action  of  light. 
The  power  of  the  electric  beam  to  reveal  the  existeni 
of  anything  within  the  experimental  tube,  or  the  im 
purities  of  the  tube  itself,  is  extraordinary.  When  the 
experiment  is  made  in  a  darkened  room,  a  tube  which  in 
ordinary  daylight  appears  absolutely  clean,  is  often  shown 
by  the '  '  mode  of  examination  to  be  exceedingly  filthy. 
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The  following  are  some  of  tlie  results  obtained  witb 
this  arranpfement : — 

Xitrite  of  amyl. — The  vapour  of  this  liquid  was  in 

the  first  instance  permitted  to  enter  the  experimental  tube, 

while  the  beam  from  the  electric  lamp  was  passing  through 

t.     Curious  clouds  were  observed  to  form  near  the  place 

>f  entry,   which   were   afterwards   whirled   through   the_^ 

tube. 

The  tube  Ijeing  again  exhaiisted,  the  mixed  air  an(f' 
vapour  were  allowed  to  enter  it  in  the  dark.  The  slightly 
convergent  beam  of  the  electric  light  was  then  sent 
tbrougli  the  tube,  from  end  to  end.  For  a  moment  the 
tube  was  optically  empty,  nothing  whatever  was  seen 
within  it;  but  before  a  second  had  elapsed  a  shower  of 
liquid  spherules  was  precipitated  on  the  beam,  thus  gene- 
rating a  cloud  within  the  tube.  This  cloud  became  denser 
eas  the  light  continued  to  act,  showing  at  some  places  vivid 
Iridescence. 
The  beam  of  the  electric  lamp  was  now  converged  so- 
jks  to  form  within  the  tube  a  cone  of  rays  about  eight 
feobes  long.  The  tube  was  cleansed  and  again  filled 
in  darkness.  When  the  light  was  sent  through  it,  the 
precipitation  upon  the  beam  was  so  rapid  and  intense 
that  the  cone,  which  a  moment  before  was  invisible, 
flashed  suddenly  forth  like  a  solid  luminous  spear. 

Tlie  effect  was  the  same  when  the  air  and  vapour  were 
allowed  to  enter  the  tube  in  diffuse  daylight.  Tlie  cloud, 
however,  which  shone  with  such  extraordinary  radiance 
under  the  electric  beam,  was  invisible  in  the  ordinary 
light  of  the  lal)oratory. 

The  quantity  of  mixed  air  and  vapour  within  the  ex- 
perimental tube  could  of  course  be  regidatcd  at  pleasure. 
^^The  rapidity  of  the  action  diminished  with  the  attenuation 
^K>f  the  vapour.  .  When,  for  example,  the  mercurial  columa 
^nssociated  with  the  experimental  tube  was  depressed  oaA^     ^| 
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five  inches,  tLo  action  was  not  nearly  8o  rapid  as  when  I 
tube  was  full.     In  such  cases,  howpvi>r,  it  was  exceedin 
interesting;  to   observe,  after   some  eeeonds  of  waiting, 
thin  streamer  of  delicate  bluish-white  cloud  slowly  fdtn 
injjf  along  the  axis  of  the  tube,  and  finally  swelliug-  «o  l 
to  fill  it. 

When  dry  oxygen  was  employed  to  carry  in  the  vap 
the  effect  was  the  -"•""  "-  **"■•■  -btained  with  air. 

"When  dry  hyd  d  as  a  vehicle,  the  eff«i 

was  also  the  same. 

The  effect,  tin  ,  due  to  any  iDt^raetim' 

lietwecn  the  vapou  i  and  its  vehicle. 

Tliis  was  forth  ed  by  the  department  of 

the  vapour  itself.  .  permitted  to  enter  lb« 

■experimental  tube  air  or  any  other  gas,  thft 

eflect  was  siibstunta.    _  .     Hence  the  seat  of  tlie 

observed  action  is  the  vapour. 

Tliis  actiitii  i&  not  to  be  ascribed  to  heat.  With  refer- 
ence to  the  ^dass  of  the  experimental  tiiljo,  and  the  air 
within  the  tulje,  the  beam  employed  in  these  ex7»erimenti 
was  perfectly  cold.  It  liad  been  sifted  by  passing  it  through 
a  i^olution  of  alum,  and  through  the  thick  double-couvtiX 
lens  of  the  lamp.  When  the  unsifted  l)eam  of  the  lamp 
was  employed,  the  effect  was  still  the  same ;  tlie  obscure 
<;alurific  rays  did  not  appear  to  interfere  with  the  resiUt, 

^ly  object  here  being  simply  tx)  point  out  to  chemists  a 
method  of  experiment  which  reveals  a  new  and  beautiful 
series  of  reactions,  to  them  I  leave  the  examination  of  the 
products  of  decomposition.  The  molecule  of  the  nitrite  of 
amyl  is  obviously  shaken  asunder  by  certain  specific  waves 
of  the  electric  beam,  forming,  doubtless,  nitric  oxide  and 
other  products,  of  which  the  nitrate  of  amyl  is  probably 
on<'.  The  brown  fumes  of  nitrous  acid  were  also  seen  to 
mingle  with  the  cloud  witliin  the  experimental  tube. 
The  nitrate  of  amyl,  being  less  volatile  than  the  nitrite. 
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sd  not  being  able  to  maintain  itself  in  the  condition  of 

ipour,  vrovdd  be  precipitated  as  a  viBible  cloud  along  the 

;k  of  the  beam. 

In  the  anterior  portions  of  the  tube  a  sifting  of  the  beam 

the  vapour  occurs,  which  diminishes  the  chemical  action 

the  posterior  portions.     In  some  experiments  the  pre- 

cloud  only  extended  halfway  down   the   tube. 

under  these  circimistances,  the  lamp  was  shifted  so 

to  send  the  beam  through  the  other  end  of  the  tube, 

pitation  occurred  there  also. 


Action  of  Sunlight. 

Solar  light  also  effects  tlie  decomposition  of  the  nitrite- 
if-unyl  vapour.  On  October  10  I  partially  darkened  a 
room  in  the  Royal  Institution,  into  which  the  sun 
le,  permitting  the  liglit  to  enter  through  an  open 
ion  of  the  window-shutter.  In  the  track  of  the  beam 
placed  a  large  plano-convex  lens,  which  formed  a  fine 
ivergent  cone  in  the  dust  of  the  room  behind  it.  The 
erimental  tube  was  filled  in  the  laboratory,  covered 
1  a  bhick  cloth,  and  carried  into  the  partially  darkened 
room.  On  thrusting  one  end  of  the  tube  into  the  cone  of 
rays  behind  the  lens,  precipitation  within  the  cone  was 
^^opious  and  immediate.  The  vapour  at  the  distant  end 
^Kf  the  tube  was  in  part  shielded  by  that  in  front,  and  was 
^Klao  more  feebly  acted  on  through  the  divergence  of  the 
^^•ya-     On  reversing  the  tube,  a  second  and  similar  cone 


I 
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precipitated. 


Physical  Considerations. 

I  sought  to  determine  the  particular  portion  of  the 
white  beam  which  produced  the  foregoing  effects.  When, 
previous  to  entering  the  experimental  tube,  the  beam  was 
caused  to  pass  through  a  red  glass,  the  effect  was  greatly 

n 
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weakened,  Imt  not  extinguished.  This  was  also  Oie  ca» 
■with  various  samples  of  yellow  glass.  A  blue  glaas  W-inj 
introduced,  before  the  removal  of  the  yellow  or  the  red,  ] 
on  taking  f  lie  latter  away  augmented  precipitation  occanel 
along  the  track  of  the  blue  beam.  Hence,  in  tlus  caaei 
the  more  refrangible  raya  are  the  moat  chemically  activis. 

The  colour  of  the  liquid  nitrite  of  amyl  indicate;*  tlat 
this  must  btt  the  cj  seble  but  distiuct  yellnw! 

in  other  words,  the  ion  of  the  l«?am  iis  mort 

freely  transmitted.  however,  tho  transmitted 

portion  of  any  be  uces  chemical  actioti,  Imt 

the  absorbi'd  portio:  the  complomentary  coIubt 

to  yellow,  is  here  al  hence  the  more  energetic 

action  of  tlie  blue  isoning,  however,  assume! 

that  tlie  surac  raya  d  by  the  liquid  and  ite 

vapour. 

A  solution  of  the  yellow  chromate  of  potash,  the  colour 
of  which  may  be  made  almost,  if  not  altogether,  identical 
witli  that  of  the  liquid  nitrite  of  amyl,  wasfoimd  far  more 
effective  in  stopping  the  chemical  rays  tlian  either  the  red 
or  tlio  yellow  glass.  But  of  all  substances  the  nitrite  it- 
self is  most  potent  in  arresting  the  rays  which  act  upon 
its  vapour.  A  layer  one-eighth  of  an  inch  in  thickness, 
which  scarcely  preceptibly  affected  the  luminous  intensity, 
sufficed  to  absorb  tlie  entire  chemical  energy  of  the  con- 
centrated Ix'am  of  the  electric  light. 

The  close  relation  subsisting  between  a  liquid  and  it« 
vapour,  as  regards  their  action  upon  radiant  heat,  has  been 
already  amply  demonstrated.'  As  regards  the  nitrite  of 
amyl,  this  relation  is  more  specific  than  in  the  cases 
hitlierto  adduced  ;  for  here  the  special  constituent  of  the 
beam,  wliicli  provokes  the  decomposition  of  the  vapour,  is 
shown  to  be  arrested  by  the  liquid. 

A  question  of  extreme  importance  in  molecular  physics 
•  'I'hil.  Trans.'  186i;  and  p.  59  of  this  volume. 


DECOMPOSITION   By  LIGI 


arises:  What  is  the  real  meclianism  of  this  absorp> 
,  snd  wiiere  is  its  seat  ?  ' 

I  figure,  as  others  do,  a  molecule  as  a  group  of  atoms, 

eld  together  by  their  mutual  forces,  but  still  capable  of 

otion  ;imong  themsehes.     The  vapour  of  the  nitrite  of 

Qjl  is  to  lie  regarded  as  an  assemblage  of  such  molecules. 

be  question  now  before  us  is  this:  In  the  act  of  absorp- 

D,  is  it  the  molecules  that  are  effective,  or  is  it  their 

ituent  atoms?     Is  the  vi-a  viva  of  the  intercepted 

ght-waves  transferred  to  the  molecule  as  a  whole,  or  to 

I  constituent  parts  ? 

The  molecule,  as  a  whole,  can  only  vibrate  in  virtue 

'  the  forces  exerted  between  it  and  its  neighboiu*  mole- 

The   intensity  of  these  forces,  and  consequently 

he  rate  of  vibration,  would,  in  this  case,  be  a  fimction  of 

distance  between  the  molecules.     Now  the  identical 

arption  of  the  liquid  and  of  the  vaporous  nitrite,  of  amyl 

itcutes  an  identical  vibrating   period  on   the    part  of 

id  and  vapour,  and  this,  to  my  mind,  amounts  to  an 

laperimental   demonstration  that  the  absorption   occurs 

the  main  within  the  molecule.     For  it  can  hardly  be 

pposed,  if  the  absorption  were  the  act  of  the  molecule  as  a 

whole,  that  it  could  continue  to  affect  waves  of  the  same 

period  after  the  substance  had  passed  from  the  vaporous  to 

the  liquid  state. 

In  point  of  fact,  the  decomposition  of  the  nitrite  of 
amyl  is  itself  to  some  extent  an  illustration  of  this  in- 
ternal molecular  absorption  ;  for  were  the  aljsorpfion  tlie 
act  of  the  molecule  as  a  whole,  the  relative  motions  of  its 
eoDstitoent  atoms  would  remain  unchanged,  and  there 
would  1)0  no  mec'hauical  cause  for  their  separation.  It  is 
proliably  the  synchronism  of  the  vibrations  of  one  portion 
of  the  molecule  with  the  incident  waves,  that  enables  the 


*  Mj  attention  tu  rery  forcibly  directed  to  this  subject  some  years  ago 
hj  ■  conrenatioD  vith  mjr  excellent  friend  FrofoKior  Cluusiiu. 
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amplitude   nf   those   vibrations    to   augment,    until  tifr 
chain  whicli  binds  the  parts  of  the  mgleuule  together  tsj 
snapped  asimder. 

The  llqti  id  nitrite  of  amyl  is  probably  also  decoi 
by  light ;  but  the  reaction,  if  it  exists,  is  incomparal 
rapid  and  distinct  than  that  of  the   vapour.     Nitrite 
amyl  has  Iweu  suhi'^'^-'wl  in  th«i  concentrated  solar  tajj 


until  it  boih'd,  ai 
boiling  for  a  con 
apparent  cliange  oct 

I  anticijjate  wi 
that  a  liquid  and  iu 
of  liquid  chlorine  il« 
deprive    liglit  more 
chlorine  anil  liydrogej. 


1  permitted  to  contiuil 
tj  without  any  distinct]; 
;  liquid. 

re,  generality  for  the : 
rb  the  same  rays.  A  een 
'  for  me  will,  I  imajfitie, 
of  its  power  of  causing 
le  Ulan  any  other  filter  of 


the  luminous  rayi^.  The  rays  which  give  chlorine  its 
colour  have  nothing  to  do  with  this  combination,  those 
that  are  absorbed  by  tlie  chlorine  being  the  really  effec- 
tive rays.  A  highly  sensitive  bulb,  containing  chlorine 
and  hydrogen,  in  the  exact  proportions  necessary  for  the 
formation  of  hydrochloric  acid,  was  placed  at  one  end  of 
an  experimental  tube,  the  beam  of  the  electric  lamp 
bein"-  sent  through  it  from  the  other.  The  bulb  did  not 
explode  whcu  the  tube  was  filled  mth  chlorine,  while  the 
explosion  was  violent  and  immediate  when  the  tube  was 
filled  with  air.  I  anticipate  for  the  liquid  chlorine  an 
action  similar  to,  but  still  more  energetic  than,  that 
exhibited  by  the  gas.  If  this  sliould  prove  to  be  the  case,  it 
will  favour  the  view  that  chlorine  itself  is  molecular  and 
not  mojiatomic. 

r rodii dlon  of  Shj-hlue  by  the  Decomposition  of 
Nitrite  of  Amyl. 

AVlifu  the  quantity  of  nitrite  vapour  is  considerable, 
and  the  light  intense,  the  chemical  action  is  exceedingly 
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rapid,  the  particles  precipitated  being  bo  large  as  to 
whiten  the  luminous  beam.  Not  so,  however,  when  a 
well-mixed  and  highly  attenuated  vapour  fills  the  experi- 
mental tube.  The  effect  now  to  be  descrilx^d  was  first 
obtained  when  the  vapour  of  the  nitrite  was  derived 
from  a  portion  of  its  liquid,  accidentally  introtluced  into 
the  passage  through  which  the  dry  air  flowed  into  the 
experimental  tube. 

In  this  ease,  the  electric  beam  traversed  the  tube  for 
several  secontls  before  any  action  was  visible.  Decom- 
position then  visibly  commenced,  and  advanced  slowly. 
When  the  light  was  very  strong,  the  cloud  appeared  of  a 
milky  blue.  When,  on  the  contrary,  the  intensity  was 
moderate,  the  blue  was  pure  and  deep.  In  Briicke's  im- 
portant experiments  on  the  blue  of  the  sky  and  the  morn- 
ing and  evening  red,  pure  mastic  is  dissolved  iu  alcohol, 
and  then  dropped  into  water  well  stirred.  When  the  pro- 
portion of  mastic  to  alcohol  is  correct,  the  resin  is  pre- 
cipitated so  finely  as  to  elude  the  highest  microscopic 
wer.     By  reflected  light,  such  a  medium  appeara  bluish, 

transmitted  light  yellowish,  which  latter  colour,  by 
enting  the  quantity  of  the  precipitate,  can  be  caused 
pass  into  orange  or  red. 

But  the  development  of  colour  in  the  attenuated 
nitrite-of-amyl  vapour,  though  admitting  of  the  same  ex- 
planation, is  doubtless  more  similar  to  what  takes  place 
in  our  atmosphere.  The  blue,  moreover,  is  far  piu-er  and 
more  sky-like  than  that  obtained  from  Briicke's  turbid 
medium.  Never,  even  in  the  skies  of  the  Alps,  have  I  seen 
;  a  richer  or  a  purer  blue  than  that  attainable  by  a  suitable 
isposition  of  the  light  falling  upon  the  precipitated 
vapour. 

In  exhausting  the  tube  containing  the  mixed  air  and 
nitrite-of-amyl  vapour,  it  was  difficult  to  avoid  explosions 
under  the  pistons  of  the  air-pump,  similar  to  tAiose  vi\x\<^ 
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I  lia\i-  ;ilr.  uA\  iL -cribed  as  occurring  with  t!ie  vapours «f] 
l;)is\ilplude  of  (.■mbon  and  other  substances.  Though  ttiM 
quantity  of  vapoiu"  present  in  these  cases  must  havel 
infinitesimal,  its  explosion  was  sometimes  suiEcient  to  i 
stroy  the  valves  of  tlie  pump. 

Iodide  of  Albjl. — Among  the  liquids  hitherto  sub- 
jected to  the  concentrated  electric  light,  iodide  of  allyl, 
in  point  of  rapidity  and  intensity  of  action,  comes  ncit  U> 
the  nitrite  of  aiiiyl.  With  the  iodide  of  allyl  I  have  em- 
ployed both  oijg^en  '■"''  Viijim™"!,  as  well  as  air,  ai  a 


(Sisea  substantially  thi> 
s  exquisitely  beautiful. 
decomposing  beam ;  it 
X  hour-glass,  and  rovind 
cloud-tilaments  twisted 
led  itself  into  convoln- 
fn  certain  conditions  of 
often  observed  cloudaof 
drogen  was  made  tto 


vehicle,  and  fniiod  thf 

same.     The  cluud-co 

It  revolved  round  li 

was  nipped  at  certain 

the  two  bells  df  the 

themselves  in  spirals. 

tions  resembling  those 

the  atmosphere  iu  the 

a  special  pearly   lust 

vehicle  of  the  i i id ide-of- allyl  vapour  a  similar  lustre  ' 

most  exquisitely  shorn  1.     Witli   a   suitalile  disposition  of 

the  light,  the  purple  hue  of  iodine-vapour  came  out  very 

strongly  in  the  tube. 

The  remark  already  made,  as  to  the  bearing  of  the 
decomposition  of  nitrite  of  amyl  by  light  on  the  questioa 
of  molecular  absorption,  applies  here  also ;  for  were  the 
absorption  the  work  of  the  molecule  as  a  whole,  the  iodine 
would  not  bo  dislodged  from  the  allyl  with  which  it  i* 
combined.     The    non-synchronism   of    iodine   with    the 
waves   of  obscure  heat  is  illustrated  by  its   marvellouB 
transparency  to  such   heat.     May   not  its    synchronism 
with  the  waves  of  light  in  the  present  instance  be  the 
cause  of  its  divorce  from  the  allyl?     Further  experiment* 
'8  point  are  in  preparation. 
iide  of  Isopropyl. — The  action  of  light  upon  the 
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vapour  of  this  liquid  is,  at  first,  more  languid  than  upon 
iodide  of  aUyl ;  indeed  many  beautiful  reactions  may  be 
overlooked,  in  consequence  of  this  languor  at  the  com- 
mencement. After  some  minutes'  exposure,  however, 
clouds  begin  to  form,  which  grow  in  density  and  in  beauty 
as  the  light  continues  to  act.  In  every  experiment 
hitherto  made  with  this  substance  tlie  column  of  cloud 
filling  the  experimental  tube,  was  divided  into  two  dis- 
tinct parts  near  the  middle  of  the  tube.  In  one  experi- 
ment a  globe  of  cloud  formed  at  the  centre,  fi'om  which, 
right  and  left,  issued  an  axis  uniting  the  globe  with 
two  adjacent  cylinders.  Both  globe  and  cylinders  were 
animated  by  a  common  motion  of  rotation.  As  the  action 
continued,  paroxysms  of  motion  wero  manifested ;  the 
various  parts  of  the  cloud  would  rush  through  each  other 
with  sudden  violence.  During  these  motions  beautiful 
and  gi'otesque  cloud-forms  were  developed.  At  some  places 
the  nebulous  mass  would  become  ribbed  so  as  to  resemble 
the  graining  of  wood ;  a  longitudinal  motion  would  at 
times  generate  in  it  a  series  of  curved  transverse  bands, 
the  retarding  influence  of  the  sides  of  the  tube  causing  an 
appearance  resembling,  on  a  small  scale,  the  dirt-bands 
of  the  Mer  do  Glace.  In  the  anterior  portion  of  the  tube 
those  sudden  commotions  were  most  intense ;  here  buds  of 
cloud  would  sprout  forth, and  grow  in  afew  secondsinto  per- 
fect flower-like  forms.  The  cloud  of  iodide  of  isopropyl  liad 
a  character  of  its  own,  and  differed  materially  from  all 
others  that  I  had  seen.  A  gorgeous  mauvo  coloiur  was 
observed  in  the  last  twelve  inches  of  the  tube ;  the  vapour 
of  iodine  was  present,  and  it  may  have  been  the  sky-blue 
scattered  by  the  precipitated  particles  which,  mingling 
with  the  purple  of  the  iodine,  produced  the  mauve.  As 
in  all  other  cases  here  adduced,  the  effects  were  proved 
to  be  due  to  the  light ;  they  never  occurred  in  darkness. 

bThe  forms  assumed  by  some  of  those  actm\o  c\ovAs, 


m 
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io  cfjia^-jpiz,  v:  of  rotwtJMi  and  other  motioni,  dne  it 
differeiicej  of  veBafaataio,  m  perCsotlj  satotuidiiig.  I 
c«DleDt  mjieU  ben  viHl  a  cocagre  deacripcioa  of  one 
more  of  th^m. 

TLf-  trjb;  being  fiBed  with  tie  s^itire  nuxturc,  the 
\ni!kTn  wiLs  >«Dt  througii  it,  tbe  lens  at  the  same  time 
tiein^  so  placed  as  to  produoe  a  caae  of  vetr  intenae  ligbk 
Two  minute  elapsed  before  aojthuig  was  visible;  but  it 
thf  I'tul  of  this  time  a  &mt  bluish  cloud  appeared  to  bang 
itwir  CHI  the  most  ooncentxated  portion  of  the  beam. 

Sill  111  itffi.Twards  a  second  cloud  was  formed  five  'tDches 
t'mlhii  itiiwii  the  experimental  tube.  Both  clouds  were 
I  mil  I'll  \iy  u  hlcnder  cord  of  the  same  bluish  tint  as  tliHia^^ 

A'l  I  lie  niMimi  of  the  light  continued,  tho   first  clond^ 
fjiniluiilly  rcsitlvod  itself  into  a  series  of  parallel  disks  of 
('MniiNilc  (IrlioMoy,  which  rotated  round  an  axis  perpen- 
iHi>nl;ir  lo  (iK'ir  (iurfacos,  and  finally  blended  to  a  screw 
fnn<i»i'<'    with    an    inclined  generatrix.      This    gradually 
I'hanf^vil    into  a    tiliny  funnel,  from   the  narrow   end  of 
whi.'h  (hi'  '  curd  '  extended  to  the  cloud  in  advance.    The 
h\H<n  ;\l-.>  iu)(lci\vent  slow  but  incessant  modification.    It 
{\^s^  t,>:..\l\i'd  itseU"  into  a  scries  of  strata  resembling  those 
,^(  ()\e  .  liS'h  ie  disoliarjje.    After  a  little  time,  and  through 
.  )\,n\,>;\  ••  \\h\eh  it  \n>s  difficult  to  follow,  both  clouds  pre- 
c.'\((.'.l  tl'.o  ap}v\uaiuv  of  a  series  of  concentric  fimnels 
c,  i    .Ml,-  \\><1n»  the  other,  the  interior  ones  being  seen 
OwMVsi^  'li>"  ^^uf^■v  e»<-!^     Those  of  the  distant  cloud  re- 
f,  ir.KJ.N-,  ,"!:>v,  t-j^lrtsA^s  in  shajv.     As  many  as  six  funnels 
XX-,  ,',     ■,';,v    o.Nivvvil noally   set    togx?ther,   the   two   series 
K  ,\v^    ■,■,-.•,,,, \^  V\    the  «^e.lie,'»to  cord  of  cloud  already  re- 
(v>\ttlL|vy     Oi^tev  e,^v.5s  sii.i  slender  tulx*  were  afterwards 
^K^i  «\%ru\^  ihenisclves  in  delicate  spirals  around 

iW  Ixji'hJ  Alorij;  1.he  e<iiinecting-<»rd  more 


^^Hne^  ili^liinuaisbcd  in  tliickness  and  became  whiter ; 

^HflaB*  ft  amsequence  of  the  eulargcment  of  its  particles. 

THie    cord  finally  disappeared,  while  the  funnels  melted 

into  two  ghost-like  films,  shaped   like   parasols.      Tliey 

Kere  barely  visible,  being  of  an  exceedingly  delicate  bine 

tint.    They  seemed  woven  of  blue  air.     To  compare  tliem 

«ith  cobweb  or  with  gauze  would  be  to  liken  them  to 

ftometliing  infinitely  grosser  than  themselves. 

In  all  cases  a  distant  candle-flame,  when  looked  at 
ough  the  cloud,  was  sensibly  undimmed. 

§  2.  On  the  Bltte  Colour  of  the  Sky,  and  the 
Polarisation  of  Skylioht.' 

1869.  ■ 

After  the  commimication  of  the  foregoing  brief  abstract 
^On  a  new  Series  of  Chemical  Reactions  produced  by 

bt,'  the  experiments  upon  this  subject  were  continued, 
ke  number  of  substances  thus  acted  on  being  considembly 

I  now  beg  to  direct  attention  to  two  questions  glanced 
incidentally  in  the  abstract  referred  to — the  blue 
olour  of  the  sky,  and  the  polarisation  of  skylight,  Re- 
ring  the  historic  treatment  of  the  subject  for  a  more 
occasion,  I  would  merely  mention  now  that  these 
ions  constitute,  in  the  opinion  of  our  most  eminent 
aotborities,  the  two  great  standing  enigmas  of  meteor- 
ology. Indeed  it  was  the  interest  manifested  in  them 
by  Sir  John  Herschel,  in  a  letter  of  singular  speculative 
power,  addressed  to  myself,  that  caused  me  to  enter  upon 
the  consideration  of  these  questions  so  soon. 

The  apparatus  with  which  I  work  consists,  as  already 
stated,  of  a  glass  tube  about  a  yard  in  length,  and  from 

In  mj  'Lednna  on  Light.'  (Ijongmans),  ths  poUriaatioa  of  light  will 
foBwi  briefljr,  but,  J  cmst,  clearly  explained. 


^^B    •  Inn; 
^^^tauA  b 
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2J  to  3  incliea  internal  diameter.  The  vapour  to  t*"' 
examined  is  introduced  into  this  tnte  in  the  manner  de- 
scribed in  my  la.st  abstract,  and  upon  it  the  condensed  beam 
of  the  electric  lamp  is  permitted  to  act,  until  the  neutrality 
or  the  activity  of  the  substance  has  been  declared. 

It  has  hitherto  been  my  aim  to  render  the  chemiol 
action  of  light  upon  vapours  visibh.    For  this  pinptn 


substances  h:ive  beei 
ducts  of  decitmposi 
point  so  higli,  that 
shall  ho  precipifatec 
vapour,  this  piecipii 
of    fineness,    formi 
naked  eye,  or  far  hbj 
scopic  powers. 

I  have  no  reason  t, 


at  least  of  whose  pro- 
it  shall  have  a  boiliiig- 
i  substance  18  formed  it 
.tin{j  the  quantity  of  ihe 
rendered  of  any  degiw 
distinguishable  by  tiii' 
h  of  our  highegt  micro- 
it  particles  may  be  ihm 
obtained,  whose  diameters  constitute  but  a  small  fraction 
of  the  length  uf  a  wave  of  violet  light. 

In  all  cases  when  the  vapours  of  the  liquids  employed 
are  sufficiently  attenuated,  no  matter  what  the  liquid 
may  be,  the  visible  action  commences  with  the  formation 
of  a  blue  cloud.  I  woidd  guard  myself  at  the  outset 
against  all  misconception  as  to  the  use  of  this  term.  The 
'  cloud '  here  referred  to  is  totally  invisible  in  ordinary 
daylight.  To  be  seen,  it  requires  to  be  surrounded  by 
darkness,  it  only  being  illuminated  by  a  powerful  beam 
of  light.  This  blue  cloud  differs  in  many  important 
particulars  from  tlie  finest  ordinary  clouds,  and  might 
justly  have  assigned  to  it  an  intermediate  position  between 
such  clouds  and  true  vapour. 

With  this  explanation,  the  term  '  cloud,'  or  '  incipient 
ploud,'  as  I  propose  to  employ  it,  cannot,  I  think,  be  mis- 
rstood. 
had  been  endeavoiuing  to  decompose  carbonic  acid 
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by  light.     A  faint  bluish  cloud,  due  it  may  be,  or  it 

not  be,  to  the  residue  of  some  vapour  previously 

iployed,    was  formed    in    the    experimental   tube.     On 

iking  across  this  cloud  through  a  Nicol's  prism,  the  line 

tision  being  horizontal,  it  was  found  that  when  the 

diagonal  of  the  prism  was  vertical,  the  quantity  of 

it  reaching  the  eye  was  greater  than  when  the  long 

nal  was  vertical. 
^Ticn  a  plate  of  tourmaline  was  held  between  the  eye 
id  the  bluish  cloud,  the  quantity  of  light  reaching  the  eye 
len  the  axis  of  the  prism  was  perpendicular  to  the  axi» 
the  illuminating  beam,  was  greater  than  when  the  axes 
the  crystal  and  of  the  beam  were  parallel  to  each  other. 
This  was  the  result  all  roimd  the  experimental  tube, 
the  crystal  of  tourmaline  to  revolve  round  the 
with  its  axis  perdendicular  to  the  illuminating 
,  the  quantity  of  light  that  reached  the  eye  was  in 
ita  positions  a  maximum.  When  the  crystallographic 
■lis  was  parallel  to  the  axis  of  the  beam,  the  quantity  of 
light  transmitted  by  the  crystal  was  a  minimum. 

From  the  illuminated  bluish  cloud,  therefore,  polarised 
light  was  discharged,  the  direction  of  maximiun  polarisa- 
tion being  at  right  angles  to  the  illuminating  Ijeam  ;  the 
plane  of  vibration  of  the  polarised  light  was  perpcndicidar 
to  the  beam.' 

Thin  plates  of  selenite  or  of  quartz,  placed  between 
the  Nicol  and  the  bluish  cloud,  displayed  the  colours  of 
polarised  light,  these  colours  being  most  vivid  when  the 
line  of  >-ision  was  at  right  angles  to  the  experimental 
tube.      The   plate  of  selenite   usually  employed   was   a 

'  Thia  is  still  an  undecided  point ;  but  the  probabilities  are  so  much  in 
ka  tajoui,  and  it  is  in  my  opinion  so  much  prefunible  to  hare  a  phjriJicaL 
magt  CO  which  the  mind  can  rest,  that  I  do  not  hesitate  to  employ  tha 
pknMology  io  the  tcxu 


rsMiXMSTS  or  sazsvK. 


drcla.  tbinceic  xt  Hht 

m  thiirknesB  fpim  ibe 
iti  proper  pc«iti>30 

Th'^  cl  ad  here 
in  th*:-  mAcoer  d'.snibed. 
improT^i  up<}n   br  tbe 
hj  the  appLicatioB,  XA  fnper  qufliki&s,  of  the  eafattuoei 


and  angmetiting  tuiiftr 
WltPMifa      VTIien  placid 
tk>  Kied  iu]<l  the  doini,  I 
risgB. 
to  vas  die  fint  iqienied  npoo 
It  maj,  however,  be  gnst^ 
of  proper  sulietanee*,  tot  \ 


■nitrite  of  butfL,  ia 
•msaj  other   ^obolw 
the  nitrite  of  bakjl 
to  seCTire   the  best  1 
qnestioD. 

And  here  it  ta»r  1 
when  alone,  or  tnis 
rm*tB  the  action  off 


•rbon,  nitrite  of  amy!, 
tdide  of  isopropjl,  and 
Bsnplojed.  I  will  Ukt 
«f  tbe  mrtiTis  adopted 
efiereitoe  to  the  pR»at 

1  that  A  Tspour,  whidt 

the  experiment*}  tubc^ 

«s  bat  a  fe«ble  result  <lf 

this  actii'D,  may,  when  placed  in  proiimity  with  another 
gas  or  vapour,  exhibit  vigorou5,  if  not  violent  action.  The 
case  is  similar  to  that  of  carbonic  acid  gas,  which,  diffused 
in  the  atmnspbcre,  resists  the  decomposing  action  of  solar 
light,  h)ut  when  placed  in  contiguity  with  chlorophyl  in 
the  leaves  of  plants,  has  its  molecules  shaken  asunder. 

Dry  air  was  permitted  to  bubble  through  the  liquid 
nitrite  of  butyl,  until  the  experimental  tube,  which  had 
been  previously  exhausted,  was  filled  with  the  mixed  air 
and  vapour.  The  visible  action  of  light  upon  the  mix- 
ture after  fifteen  minutes'  exposiue  was  slight.  The  tube 
was  afterwards  filled  with  half  an  atmosphere  of  the  mixed 
air  and  vapour,  and  a  second  half-atmosphere  of  air  which 
had  been  permitted  to  bubble  through  fresh  commercial 
hydrochloric  acid.  On  sending  the  beam  through  this 
mixture,  the  tube,  for  a  moment,  was  optically  empty. 
J}ut  tlio  pause  amounted  only  to  a  small  fraction  of  a 
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|>nd,  a  dense  cloud  being  immediately  precipitated  upon 
beam. 

Tliis  cloud  began  blue,  but  the  advance  to  whiteness 
90  rapid  as  almost  to  justify  the  application  of  the 
instantaneous.  The  dense  cloud,  looked  at  perpen- 
rly  to  its  axis,  showed  scarcely  any  signs  of  polari- 
ton.  Looked  at  obliquely  the  polarisation  was  strong. 
The  experimental  tube  being  again  cleansed  and  ez- 
gted,  the  mixed  air  and  nitrite-of-butyl  vapour  was 
itted  to  enter  it  until  the  associated  mercury  column 
I  depressed  -^  of  an  inch.  In  other  words,  the  air  and 
our,  united,  exercised  a  pressure  not  exceeding  -^^  of 
(atmosphere.  Air,  passed  through  a  solution  of  hydro- 
oric  acid,  was  then  added,  till  tlie  mercury  column  was 
three  inches.  The  condensed  beam  of  the  elec- 
ic  light  passed  for  some  time  in  darkness  through  this 
mixture.  There  was  absolutely  nothing  within  the  tube 
cainpet«nt  to  scatter  the  light.  Soon,  however,  a  superbly 
blue  cloud  was  formed  along  the  track  of  the  beam,  and  it 

ftinue<l  blue  sufficiently  long  to  permit  of  its  thorough 
oxination.  The  light  discharged  from  the  cloud,  at 
it  angles  to  its  own  length,  was  perfectly  polarised. 
degrees  the  cloud  became  of  whitish  blue,  and  for  a 
time  the  selenite  colours,  obtained  by  looking  at  it  nor- 
mally were  exceedingly  brilliant.  The  direction  of  maxi- 
mum polarisation  was  distinctly  at  right  angles  to  tho 
illuminating  beam.    Tliis  continued  to  be  the  case  as  long 

ttbe  cloud  maintained  a  decided  blue  colour,  and  eveu 
some  time  after  the  pure  blue  had  changed  to  whitish 
bine.  But,  aa  the  light  continued  to  act,  the  cloud  became 
coarser  and  whiter,  particularly  at  its  centre,  where  it  at 
length  ceased  to  discharge  polarised  liglit  in  the  direction 
of  the  perpendicular,  while  it  continued  to  do  so  at  both 
its  ends. 


iibmH 
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But  the  cloud  which  had  thus  ceased  to  polarise  the 
light  emitted  nomially,  showed  vivid  selenite  colours  when 
looked  at  ohl'tqudijy  proving  that  the  direction  of  maxi- 
mum polarisation  changed  with  the  texture  of  the 
cloud.  This  point  shall  receire  further  illustration  sub 
quently. 

A  hlue,   equally  rich  and  more  durable,  was  obtained 
by  employing  the  nitrite-of-butyl  vapour  in  a  still  more 
attenuated  condition.     Now  the  instance  here  cited  is  re- 
presentative.    In  all  cases,  and  with  all  substances,  the 
cloud  formed  at  the  commeucement,  when  the  precipitated 
particles  ai-e  sufficiently  fine,  is  blue,  and  it  can  be  mad 
to  display  a  colom*  rivalling  that  of  the  purest  Italian  i 
In  all  cases,  moreover,  this  fine  blue  cloud  polarises 
fectly  the  beam  which   illiuninates   it,   the  direction 
polarisation  enclosing  an  angle  of  90°  with  the  axis  of  th^^ 
illuminating  beam.  ^| 

It  is  exceedingly  interesting  to  observe  both  the  per- 
fection and  the  decay  of  this  polarisation.  For  ten  or  fifteen 
minutes  after  its  first  appearance  the  light  from  a  vividly 
illuminated  incipient  cloud,  looked  at  perpendicularly,  is 
absolutely  quenched  by  a  Nicol's  prism  with  its  longer 
diagonal  vertical.  But  as  the  sky-blue  is  gradually  ren- 
dered impure  by  the  introduction  of  particles  of  too  large 
a  size — in  other  words,  as  real  clouds  begin  to  be  formed — 
the  polarisation  Ijegins  to  deteriorate,  a  portion  of  the 
light  passing  through  the  prism  in  all  its  positions.  It  is 
worthy  of  note,  that  for  some  time  after  the  cessation  of 
perfect  polarisation,  the  7'emdaal  light  which  passes,  when 
the  Nicol  is  in  its  position  of  minimum  transmission,  is  of 
a,  gorgeous  blue,  the  whiter  light  of  the  cloud  being  ex- 
tinguished.' ^\'hen  the  cloud  texture  lias  become  suffici- 
ently coarse  to  approximate  to  that  of  ordinary  clouds,  the 

'  This  shows  that  particles  too  large  to  polarise  the  blue,  poUriM 
^rfcctly  light  of  lower  refraiigibility. 
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tation  of  the  Nicol  ceases  to  have  any  sensible  efiFect  on 
e  quantity  of  light  discharged  normally. 

The  perfection  of  the  polarisation,  in  a  direction  per- 
ndicular  to  the  illuminating  lieam,  is  also  illustrated  by 
e  following  experiment :  A  Nicol's  prism,  large  enough 
embrace  the  entire  beam  of  the  electric  lamp,  was 
between  the  lamp  and  the  experimental  tube.  A 
;w  bubbles  of  air,  carried  through  the  liquid  nitrite  of 
tyl,  were  introduced  into  the  tube,  and  they  were  fol- 
wed  by  about  tlirce  inches  (measured  by  the  mercurial 
uge)  of  air  which  had  passed  through  aqueous  hydro- 
'eUoric  acid.  Sending  the  polarised  beam  through  the 
tube,  I  placed  myself  in  front  of  it,  my  eye  being  on  a 
vel  with  its  axis,  my  assistant  Mr.  Cottrell  occupying  a 
similar  position  behind  the  tube.  The  short  diagonal  of 
the  large  Nicol  was  in  the  first  instance  vertical,  the  plane 
of  'vibration  of  the  emergent  beam  being  therefore  also 
vertical.  As  the  light  continued  to  act,  a  superb  blue 
cloud,  visible  to  both  my  assistant  and  myself,  was  slowly 
formed.  But  this  cloud,  so  deep  and  ricli  when  looked  at 
from  the  positions  mentioned,  utterly  disappeared  when 
loolced  n.t  vertically  downwards,  or  vertically  upwards. 
lieflection  from  the  cloud  was  not  possible  in  these  direc- 
ons.  When  the  large  Nicol  was  slowly  turned  round  its 
the  eye  of  the  observer  being  on  tlie  level  of  the 
,m,  and  the  line  of  vision  perpendicular  to  it,  entire 
extinction  of  the  light  emitted  horizontally  occurred  when 
e  longer  diagonal  of  the  large  Nicol  was  vertical.  But 
iow  a  vivid  blue  cloud  was  seen  when  looked  at  down- 
wards or  upwards.  This  truly  fine  experiment  was  first 
definitely  suggested  by  a  remark  in  a  letter  addressed 
to  me  by  Professor  Stokes. 

As  regards  the  polarisation  of  skylight,  the  greatest 
stumbling-block  has  hitherto  been,  that,  in  accordance  with 
the  law  of  Brewster,  which  makes  the  index  of  rpfratUou 


« 


4 
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the  tangent  of  the  polarising  angle,  the  reflection  whi 
produces  perfect  polarisation  vroiild  require  to  be  madei 
air  upon  air  ;  and  indeed  this  led  many  of  oiu-  most  ( 
nent  men,  Brewster  himself  among  the  number,  to  ente 
the  idea  of  aerial  molecular  reflection.'  I  have,  bower 
operated  upon  substances  of  widely  differeut  refrac 
indices,  and  therefore  of  very  dififerent  polarising  aug 
as  ordinarily  defined,  but  the  polarisation  of  the  beam,  I 
the  incipient  cloud,  has  thus  far  proved  itself  to  be  < 
lutely  independent  of  the  polarising  angle.  The  '. 
Brewster  does  not  apply  to  matter  in  this  condition,  ( 
it  rests  with  the  undulatory  theory  to  explain  wh 
Whenever  the  precipitated  particles  are  sufficifntly  fine^ 
no  matter  what  the  substance  forming  the  particles  may 
be,  the  direction  of  maximimi  polaiisation  is  at  ri^ 
angles  to  the  illuminating  beam,  the  polarising  angle  for 
mattej  in  this  condition  being  invariably  45°. 

Suppose  oiu-  atmosphere  surroimded  by  an  envelope  im- 
pervious to  light.     But  with  an  aperture  on  the  sunvi 
side,  through  which  a  parallel  beam  of  solar  light  oo< 
enter  and  traverse  the  atmosphere.     Surrounded  by 

'  'The  cause  of  the  polnrisniion  is  eyidently  a  reflection  of  U»  i 
light  upon  totnething.  The  question  is  on  what?  Were  tho  ong^l 
maximum  poltirisation  7C°,  we  should  look  to  water  or  ice  as  the  i 
body,  however  inconccirablo  tiio  existence  in  a  cloudloas  atmosphere,  i 
hot  summer's  day  of  nnevaporatcd  molecules  (particles?),  of  ■water, 
though  we  were  once  of  this  opinion,  careful  observation  has  satisfied  i 
90°,  or  thereabouts,  is  the  correct  angle,  and  that  thoroforo  whatever  ha  tht 
body  on  which  the  light  has  been  reflected,  ifpolarited  hya  aiiigle  rtJUdieB, 
the  polarising  angle  must  be  45°,  and  the  index  of  refraction,  which  is  th* 
tangent  of  that  nnglo,  unity ;  in  other  words,  the  reflection  would  reqnl 
to  bo  made  in  air  vpon  air ! '  (Sir  John  Herschel,  '  Meteorology,"  ] 
233.) 

Any  particles,  if  small  enough,  will  prodoco  both  the  colour  sod  ' 
polarisation  of  the  sky.  But  is  tho  existence  of  small  water-particles  < 
hot  summer's  day  in  the  hightr  rtgiont  of  our  atmotphen  incnceivali 
It  is  to  bo  remombtrod  that  the  oxygen  and  nitrogen  of  the  air  l)chaT«l 
a  vacuum  to  radiant  hcnt,  the  exceedingly  attonnutcd  vapour  of  tha  bighi 
Atmosphere  being  therefore  in  practical  contact  with  tho  cold  of  space.    1 
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t  directly  illominated,  the  track  of  such  a  beam  through 
B  air  wotild  resemble  tliat  of  the  parallel  beam  of  the 
lamp  through  an  incipient  cloud.  The  sunbeam 
Ke  blu<^  and  it  would  discharge  laterally  light  in 
eqiflely  tbe  same  condition  as  that  discharged  by  the  in- 
it  cloud.  In  fact,  the  azure  revealed  by  such  a  Ijeam 
be  to  all  intents  and  purposes  that  which  I  have 
a  'blue  cloud.'  "Conversely  our  'blue  cloud'  is, 
^»I1  intents  and  purposes,  an  artificial  ahj.^ 


regards  the  polarisation  of  the  sky,  we  know 

I  not  only  is  the  direction  of  maximum  polarisation  at 

i  angles  to  the  track  of  the  solar  beams,  but  that  at 

angular  distances,  probably  variable  ones,  from 

*  neutral  points,'  or  points  of  no   polarisation, 

on  both  sides  of  which  the  planes  of  atmospheric 

iition  are  at  right  angles  to  each  other. 

[I  bare  made  various  observations  upon  this  subject 

are  reserved  for  the  present ;  but,  pending  the  more 

plete  examination  of  the  question,  the  following  facts 

upon  it  may  be  submitted. 

parallel   beam   employed  in   these   experiments 

its  way  through  the  laboratory  air,  exactly  as  snn- 

I  are  seen  to  do  in  the  dusty  air  of  London.     I  have 

vn  to  believe  that  a  great  portion  of  the  matter  thus 

in  the  laboratory  air  consists  of  organic  particles, 

'  The  opfioion  of  Sir  John  Hmchel,  connecting  the  polarisation  and 
)  bloo  colour  of  the  sky  \»  rerified  by  the  foregoing  re«uhs.  '  The  more 
l^vct  [the  polnrisntion  of  skylight]  is  considered,'  writes  this  eminent 
•T.  '  the  mot»  it  will  lie  found  beset  with  difficulties,  and  its  ex- 
ktioo  «h»n  itrriTed  at  will  probably  be  found  to  carry  with  it  that  of 
ilna  colour  of  the  sky  itself,  and  of  the  great  quantity  of  light  it  actunlly 
low  •«nd  down  to  us.'  '  We  may  observe,  too,"  he  odds,  '  that  it  is  only 
rkrrt  the  parity  of  the  sky  is  most  absolute  that  the  poloristtion  is 
l»T«b>p(d  in  its  highenl  degree,  and  that  where  there  is  the  slightest  per- 
cy  to  cirrus  it  is  materially  impaired.'  This  applies  word 
'  '  incipient  cloud*.' 
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which  are  capable  of  imparting  a  perceptibly  bluish  tint 
to  the  air.     These  also  showed,  though  far  less  vividly,  al 
the  effects  of  polarisation   obtained  with    the  incipie 
clouds.     The  light  discharged  laterally  from  the  track 
the  illuminating  beam  was  polarised,  though  not  iMerfectly, 
the  direction  of  maximum  polarisation  being   at  right 
angles  to  the  beam. 

The  horizontal  column  of  air,  thus  illuminated,  was 
feet  long,  and  could  therefore  be  looked  at  very  obliquel; 
At  all  points  of  the  beam,  throughout  its  entire  lei 
the  light  emitted  normally  was  in  the  same  state  of  polar- 
isation.     Keeping   the   positions  of  the  Nicol   and  the 
selenite  constant,  the  same  colours  were  observed  through- 
out the  entire  beam,  when  the  line  of  vision  was  perpen- 
dicular to  its  length. 

I  then  placed  myself  near  the  end  of  the  beam,  as 
issued  from  the  electric  lamp,  and,  looking  through  the 
Nicol  and  selenite  more  and  more  obliquely  at  the  beam, 
observed  the  coloiu-s  fading  until  they  disappeared.  Aui;- 
menting  the  obliquity  the  colours  appeared  once  more, 
hut  they  were  now  coraplementary  to  the  farmer  ones.     ^^ 

Hence  this  beam,  like  the  sky,  exiiibited  a  neutn^^ 
point,  on  opposite  sides  of  which  the  light  was  polarised 
in  planes  at  right  angles  to  each  other. 

Thinking  that  the  action  observed  in  the  laboratory 
might  be  caused,  in  some  way,  by  the  vaporous  fumes  dif- 
fused in  its  air,  I  had  the  light  removed  to  a  room  at  the 
top  of  the  Roj'al  Institution.  The  track  of  the  beam  wa^ 
seen  very  finely  in  the  air  of  this  room,  a  length  of  14 
or  15  feet  being  attainable.  This  beam  exhibited  all  the 
effects  observed  with  tlie  beam  in  the  lalioratory.  Even 
the  uncondensed  electric  light  falling  on  the  floating 
matter  showed,  though  faintly,  the  effects  of  polarisation. 

When  the  air  was  so  sifted  as  to  entirely  remove  the 
visible  floating  matter,  it  no  longer  exerted  any  sensible 
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action  upon  the  light,  tut  behaved  like  a  vacuum.  The 
light  is  scattered  by  particles,  not  by  molecules  or 
atoms. 
^m  By  operating  upon  the  fumes  of  chloride  of  ammo- 
nium, the  smoke  of  brown  paper,  and  tobacco-smoke,  I 
«d  varied  and  confirmed  in  many  ways  those  experiments 
neutral  points,  when  my  attention  was  drawn  by  Sir 
arles  M'heatstone  to  an  important  observation  communi- 
cated to  the  Paris  Academy  in  1860  by  Professor  Govi, 
of  Turin.'  M.  Govi  had  been  led  to  examine  a  beam  of 
light  sent  through  a  room  in  which  was  diffused  the 
smoke  of  incense,  and  tobacco-smoke.  His  first  brief 
communication  stated  the  fact  of  polarisation  by  such 
smoke ;  but  in  his  second  communication  he  announced 
the  discovery  of  a  neutral  point  in  the  beam,  at  the 
opftosite  sides  of  which  tLe  light  was  polarised  in  planes 
at  right  angles  to  each  other. 

But  unlike  my  observations  on  the  laboratory  air,  and 
unlike  the  action  of  the  sky,  the  direction  of  maximum 
polarisation  in  M.  Govi's  experiment  enclosed  a  very  small 
angle  with  the  axis  of  the  illuminating  beam.  The  ques- 
tion was  left  in  this  condition,  and  I  am  not  aware  that 
M'  Govi  or  any  other  investigator  has  pursued  it  fittther. 
^H  I  had  noticed,  as  before  stated,  that  as  the  clouds 
Tormed  in  the  experimental  tube  became  denser,  the  polar- 
isation of  tiie  light  discharged  at  right  angles  to  the  beam 
became  weaker,  the  direction  of  maximum  polarisation 
l^ecoming  oblique  to  the  beam.  Experiments  on  the 
fiuues  of  chloride  of  ammonium  gave  me  also  reason  to 
suspect  that  the  position  of  the  neutral  point  was  not  con- 
stant, but  that  it  varied  with  the  density  of  the  illumin- 
ated fumes. 

The  examination  of  these  questions  led  to  the  follow- 
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iDg  new  and  remarkable  reeolte :  The  laboraiofj 
vrell  filled  ¥itli  tbe  fumes  of  inoense,  and  iufficient 
being   aUuwed  for  their  imifijtm  difiusioii,  the  el 
beam  was  sent  tfaroi];gh  the  a&oke.     From  the  tisck 
the  beam  pnlaiised  Mght  vasdisclnuged;  but  the 
of  masimiim  pol&iia,ti(»i,  ingte^  at  being  perpen 
now  encloi^ed  an * — *  — 


the  beam. 

A  neutral  po 
site  sides  of  it, 
angle  enclosetj  hj 
from  the  neutral 
the  first  instance 

The  windows 
minutes,  a  portinn  oi  virv 


S"  or  13°  with  the  am*  ( 

meattay  effects  at  op 
ibed  bf  the  beam. 
i  beam,  and  a  line  Anm 
er's  ^e,  measure  in 


>  now  opened  for  sonit 
e-fimoke  being  permitted 


to  escape.     On  again   darkening  the  room   and  tiiniin|; 
on  the  light,  the  line  of  vision   to   the  neutral  point  iras  ' 
found  to  enclose,  with  the  axis  of  the  beam,  an  angle 
of  63'. 

The  windows  were  again  opened  for  a  few  min\ite«i 
more  of  the  smoke  Wing  permitted  to  escape.  Measured 
as  before,  tlie  angle  referred  to  was  found  to  be  54°. 

This  process  was  repeated  three  additional  times ;  the 
neutral  point  was  found  to  recede  lower  and  lower  down 
the  l^am.  the  angle  between  a  line  drawn  from  the  eye  to 
the  neutral  point  and  the  axis  of  the  beam  falling  succes- 
sively from  54°  to  49°,  43°  and  33°. 

The  distances,  roughly  measured,  of  the  neutral  point 
from  the  lamp,  corresponding  to  the  foregoing  series  of 
observations,  were  these : — 


1st  observation   . 

.     2  feet    2  inches. 

2nd 

.     2     „      6    ,. 

3rd 

.     2     „    10    „ 

4th 

.     3     „      2     „ 

6th 

.     3     „      7    „ 

6th 

•     4     „      6    „ 
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At  the  end  of  tbis  series  of  experiments  the  direction 
of  majumum  polarisation  had  again  become  normal  to  the 
beam. 

The  laboratory  was  next  filled  with  the  fumes  of  gun- 
powder. In  five  successive  experiments,  corresponding 
to  five  difierent  densities  of  the  guupowder-smoke,  the 

■angles  enclosed  between  the  line  of  vision  to  the  neutral 
lint,  and  the  axis  of  the  beam,  were  63°,  50°,  47°,  42°, 
ad  38°  respectively. 

After  the  clouds  of  gimpowder  had  cleared  away  the 
laboratory  was  tilled  with  the  fumes  of  conmion  resin, 
rendered  so  dense  as  to  be  very  irritating  to  the  lungs. 
I^he  direction  of  maximum  polarisation  enclosed,  in  this 
i,  an  angle  of  12°,  or  therealwuts,  with  the  axis  of  the 
beam.     Looked  at,  as  in  the  former  instances,  from  a  posi- 
tion near  the  electric  lamp,  no  neutral  point  was  observed 
^^throughout  the  entire  extent  of  the  beam. 
^B       When  this  beam  was  looked  at  normally  through  the 
^Belenite  and  Nicol,  the  ring-system,  though  not  brilliant, 
^■was  distinct.     Keeping  the  eye  upon  the  plate  of  selenite, 
and  the  line  of  vision  perpendicular,  the  windows  were 
opened,  the  blinds  remaining   imdrawn.     The    resinous 
^^umes  slowly  diminished,  and  as  they  did  so  the  ring-system 
^^tecame  piiler.     It   finally  disappeared.      Continuing   to 
^     look  in  the  same  direction,  the  rings  revived,  but  now  the 
coloius  were  complementary  to  the  former  ones.    The  neu- 
tral point  had  passed  me  hi  its  -motion  down  the  beam, 
ynsequent  upon  the  attenuation  of  the  fumes  of  reain. 

With  the  fumes  of  chloride  of  ammonium  substantially 
i*»  same  results  were  obtained.     Sufficient,  however,  has 
een  here  stated  to  illustrate  the  variability  of  the  position 
l^f  the  neutral  point.' 


'  Brewit«r  has  prored  the  variAbility  of  the  poeition  of  the  neutral 
"point  for  skylight  with  the  sun'o  altitude,  a  result  obviously  coDDOcted  with. 
the  foregoing  exp«rimeDt<t. 
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Some  of  the  clouds  formed  in  the   experiments  on 
the  chemical  action  of  light  are,  as  already  Btat«d,  aston- 
ishing as  to  shape.     The  experimental  tuhe  is  often  divided 
into  segments  of  dense  cloud,  separated  from  each  othe 
by  nodes  of  finer  matter.     Looked  at  noimally,  Jis  man^ 
as  four  reversals   of  the  plane  of  polarisation  have  bee 
foond,  in  passing  from  node  to  seginent,  and  from 
ment  to  node.     With  the  fumes  dififused  in  the  laboratory,' 
on  tlie  contrary,  there  was  no  change  in  the  polarisatioi 
along  the  normal,  for  here  the  necessary  diflferences 
cloud-texture  did  not  exist. 

By  a  puff  of  tobacco-smoke,  or  of  condensed  steam,^ 
blown  into  the  illuminated  beam,  the  brilliancy  of  the 
selenite  colours  may  be  greatly  augmented.  But  with 
different  clouds  two  different  effects  are  produced.  Let 
the  ring-system  observed  in  the  common  air  be  brought 
to  its  maximum  strength,  and  then  let  an  attenuated 
cloud  of  chloride  of  ammonium  be  thrown  into  th« 
beam  at  the  point  looked  at ;  the  ring-system  flasbe 
out  with  augmented  brilliancy,  but  the  character  of  the 
polarisation  remains  unchanged.  This  is  also  the  cas* 
when  phosphorus,  or  sulphur,  is  burned  underneath  the 
beam,  so  as  to  cause  the  fine  particles  of  phosphoric  acid 
or  of  sulphur  to  rise  into  the  light.  With  the  sulphur- 
fumes  the  brilliancy  of  the  colours  is  exceedingly  intensi- 
fied ;  hut  in  none  of  these  cases  is  there  any  change  in  the 
character  of  the  polarisation.  ^M 

But  when  a  pufi'  of  aqueous  cloud,  or  of  the  fumes  o^^ 
hydrochloric  acid,  hydriodic  acid,  or  nitric  acid  is  throv 
int-o  the  beam,  there  is  a  complete  reversal  of  the  seleuit 
tints.     Each  of  these  clouds  twists  the  plane  of  polaris 
tion   90°.     On  these  and  kindred  points  experiments  ar 
still  in  progress.' 

'  .Sir  John  H«r»cbel  ouggected  to  m«  that  tliis  change  of  the  poU 
iwtioD  from  poBitirb  to  n«gsttTe  may  indicate  a  change  firom  poUritatio 


ted 

beifl 
asal 
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I     reac 
mtect 


Almost  all  liquids  have  motes  in  them  sufiBciently  nu- 
erous  to  polarise  sensibly  the  light,  and  very  beautiful 
'ects  may  be  obtained  by  simple  artiBcial  devices. 
When,  for  example,  a  cell  of  distilled  water  is  placed  in 
front  of  the  electric  lamp,  and  a  thin  slice  of  the  beam 
is  permitted  to  pass  tli rough  it,  scarcely  any  polarised  light 
is  discharged,  and  scarcely  any  colour  produced  with  a  plate 
of  seleuite.  But  if  a  bit  of  soap  be  agitated  in  the  water 
above  the  beum,  the  moment  the  infinitesimal  particles 
reach  the  light  the  liquid  sends  forth  laterally  almost  pei- 

tly  polarised  light ;  and  if  the  selenite  be  employed,  vivid 
colouis  flash  into  existence.  A  still  more  brilliant  result  is 
obtained  with  mastic  dissolved  in  a  great  excess  of  alcohol. 
I  The  selenite  rings,  in  fact,  constitute  an  extremely 
delicate  test  as  to  the  quantity  of  individually  invisible 
particles  in  a  liquid.  Commencing  with  distilled  water, 
for  example,  a  th'ck  slice  of  light  is  necessary  to  make  the 

lari&ation  of  its  suspended  particles  sensible.  A  much 
;hinner  slice  suffices  for  common  water;  while,  with 
Briicke's   precipitated   mastic,   a   slice  too  tliiu  to   pro- 

E:e  any  sensible  effect  with  most  other  liquids,  suffices 
bring  out  vividly  the  selenite  colours. 
i 


§  3.    The  Set  of  the  Alps. 


The  vision  of  an  object  always  implies  a  differential 
tion  on  the  retina  of  the  observer.     The    object   is  dis- 
guished  from  surrounding  space  by  its  excess  or   de- 
fect of  light  in  relation  to  that  space.     By  altering  the 
illumination,  either  of  the  object  itself  or  of  its  environ- 

tent,  we  alter  the  appearance  of  the  object.  Take  the 
se  of  clouds  floating  in  the  atmosphere  with  patches  of 
reflection  to  polariBution  by  refraction.  This  thought  repeatailly  occurred 
me  while  looking  at  the  effuctii ;  but  it  will  require  much  foUowiug  up 
wfore  it  emerges  into  clearQiiM. 
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blue  c^tireirD  tLeob     AnrtMug  that  cbaBges  the  illo 
tion  c-t  either  alt«ss  tite  appeanuice  of  botJi,  tliat  spp 
ance  dependiiL^',  as  rtated,  upon  dlifeneDtial  action. 
the  light  of  the  iky.,  beuig  poUiued,  may,  as  the 
of  the  foregoiiig  pages  ksovB,  be  in  i^n^at  part  quettdiedi 
a  Xicol's  prisci,  wlole  the  h^t  of  a  comiQoo  clotid, ' 


urip<^^larised,  <aiH""*  ^ 
poisibilitv  of  vei 
aspect  of  the  fim 
in  the  aspect  of 
as  a  blackgrouiM 
clouds  of  such  » 
quenches  the  ligl 
undistinguishabk 
the  extinction  of  m^ 


— tingiuiihed.  Hence 
aatioQs,  not  only  in 
^jeallj  changed,  but ) 
^  have  th&t  finsameat 
ti  for  example,  to  ehoou 
le  that  when  the  \iool 
t  the  J  shall  vaoisih,  basf 
|I  dull  tint  which  outhvH 
jf  the  sky.     A  cloud  le» 


deeply  shaded,  but  still  deep  enough,  when  viewed  with 
the  naked   eye,  to  appear   dark   on   a   bright   ground,  is    | 
suddenly    clian^'ed   to  a  white   cloud  on   a  dark  ground    I 
by  the  <|uencljirjg  of  the  light  behind  it.     When  a  reddish 
cloud  at  sunset  chances  to  float  in  the  region  of  maxi- 
mum polarisation,  the  quenching  of  the  surroimding  light 
•  auses  it  to  flash  with  a  brighter  crimson.     Last  Easter 
eve  tlie  Dartmoor  sky,  which  had  just  been  cleansed  by 
a   suow-storm,   wore   a   very   wild   appearance.      Round 
the   horizon    it   was   of  steely   brilliancy,   while  reddish 
cumuli   and   cirri    floated   southwards.      When   the  sky 
was  (juenched  behind  them  these  floating  masses  seemed 
like  dull  embers  suddenly  blown  upon ;  they  brightened 
like  a  hre.     In  the  Alps  we  have  the  most  magnificent 
examples  of  crimson  clouds  and  snows,  so  that  the  effects 
just  referred  to   may   be   here   studied   imder   the   best 
possible  conditions.     On  August  23,  1869,  the  evening 
Alpenglow  was  very  fine,  though  it   did   not  reach,  its 
maximum  depth  and  splendour.     The  side  of  the  Weiss- 
horn   seen   from    the   Bel   Alp,  being   turned  from   the 
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11,  waa  tinted  mauve ;  but  I  wished  to  observe  one 
of  the  rose-coloured  buttresses  of  the  mountain.  Such 
was  visible  from  a  point  a  few  hundred  feet  above  the 
hotel.  The  Matterhorn  also,  though  for  the  most  part  in 
shade,  had  a  crimson  projection,  while  a  deep  ruddy  red 
lingered  along  its  western  shoulder.  Four  distinct  peaks 
and  buttresses  of  the  Dom,  in  addition  to  its  dominant 
head — all  covered  with  pure  snow — were  reddened  by 
the  light  of  sunset.  The  shoulder  of  the  AlphuWl  was 
similarly  coloured,  while  the  great  mass  of  the  Fletscliom 
was  all  a-glow,  and  so  was  the  snowy  spine  of  the  Monte 
Leone. 

Looking  at  the  Weisshom  through  the  Nicol,the  glow  of 
its  protuberance  was  strong  or  weak  according  to  the  posi- 
tion of  the  prism.     The  summit  also  underwent  striking 
changes.     In  one  position  of  the  prism  it  exhibited  a  pale 
white   against  a  dark  background ;    in   the  rectangular 
position  it  was  a  dark  mauve  against  a  light  background. 
The  red  of  the  Matterhorn  changed  in  a  similar  manner ; 
^^t  the  whole  mountain   also  passed  through  wonderful 
^Banges   ot   definition.     The   air  at  the  time  was  filled 
with    a   silvery   haze,   in  which  the  Jlatterhom  almost 
disappeared.      This  could   be   wholly   quenched   by   the 
Nicol,  and  then  the  mountain  sprang  forth  with  astonish- 
ing solidity  and  detachment  from  the  surrounding  air. 
^Cbe  changes  of  the  Dom  were  still  more  wonderful.     A 
Bsfct  amount  of  light  could  be  removed   from  the  sky 
behind    it,   for  it   occupied  the   position    of  maximiun 
polarisation.     By  a  little  practice  with  the  Nicol  it  was 
Bjisy  to  render  the  extinction  of  the  light,  or   its  restora- 
Hpn,  almost  instantaneous.     When  the  sky  was  quenched, 
Uie  four  minor  peaks  and  buttresses,  and  the  summit  of 
the  Dom,  together   with    the  shoulder  of  the  Alphubel, 
glowed  &s  if  set  suddenly  on  fire.     Thin  was  immediately 
dimmed  by  turning  the  Nicol  through  an  angle  o?  ^Cf . 
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It  was  not  the  stoppage  of  the  light  of  the  sky  behind 
the  mountains  alone  which  produced  thia  startling  effect ; 
the  air  between  them  and  me  was  highly  opalescent,  and 
the  quencliing  of  this  intermediate  glare  augmented 
remarkably  the  distinctness  of  the  mountains. 

On  the  morning  of  August  24  similar  effects  were  finely 
shown.     At  10  A.M  luntains,  the  Dom,  the 

Matterhorn,  and  th  rere  powerfully  affected 

bythe  Nicol.    But  fe also,  the  line  drawn  to 

the   Dom   being  vi  pendicular  to  the  solar 

beams,  the  L-ffects  Uq  were  most  striking. 

The  grey  summit  bom,  at  the  isame  time, 

could    scarcely    be  I    from    the    ojmlescent 

haze    around    it ;  ft   Nicol   quenched   the 

haze,  the  summit  !«came  instantly  isolated,  and  st^od 
out  in  bold  definition.  It  is  to  be  remembered  that  in 
the  production  of  tliese  effects  the  only  things  changed 
are  the  sky  behind,  and  the  luminous  haze  in  front  of  the 
mountains ;  that  these  are  changed  because  the  light 
emitted  from  the  sky  and  from  the  haze  is  plane  polarised 
light,  and  that  the  light  from  the  snows  and  from  the 
mountains,  being  sensibly  unpolarised,  is  not  directly 
affected  by  the  Nicol.  It  will  also  be  understood  that  it 
is  not  the  interposition  of  the  haze  as  an  opaque  body 
that  renders  the  mountains  indistinct,  but  the  li^fd  of 
the  haze  which  dims  and  bewilders  the  eye,  and  thus 
weakens  the  definition  of  objects  seen  through  it. 

These  results  have  a  direct  bearing  upon  wliat  artists 
call  '  aerial  perspective.'  As  we  look  from  the  summit  of 
IMont  Blanc,  or  from  a  lower  elevation,  at  the  serried 
crowd  of  peaks,  especially  if  the  mountains  be  darkly 
coloured — covered  with  pines,  for  example — every  peak 
and  ridge  is  separated  from  the  mountains  behind  it  by  a 
thin  blue  haze  which  renders  the  relations  of  the  moun- 
tains  as   to  distance  unmistakable.     When  this   haze  is 
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ed  through  the  Nicol  perpendicular  to  the  sun's 
yg,  it  is  in  many  cases  wholly  quenched,  because  the 
ght  which  it  emits  in  this  direction  is  wholly  polarised. 
Then  this  happens,  aerial  perspective  is  abolislied,  and 
mountains  very  difl'erently  distant  appear  to  rise  in  the 
me  vertical  plane.  Close  to  the  Bel  Alp,  for  instance, 
the  gorge  of  the  Massa,  and  beyond  the  gorge  is  a  higli 
darkened  by  pinesi  •  This  ridge  may  be  projected 
•n  the  dark  slopes  at  the  opposite  side  of  the  Ehone 
ley,  and  between  both  we  have  the  blue  haze  referred 
throwing  the  distant  moimtains  far  away.  But  at 
certain  hours  of  the  day  the  haze  may  be  quenched,  and 
-  then  the  INIassa  ridge  and  the  mountains  beyond  the  Rhone 
seem  almost  eqimlly  distant  from  the  eye.  The  one 
appears,  as  it  were,  a  vertical  continuation  of  the  other. 
The  haze  varies  with  the  temperature  and  humidity  of 
the  atmosphere.  At  certain  times  and  places  it  is  almost 
as  blue  as  the  sky  itself:  but  to  see  its  colour,  the  attention 
must  be  withdrawn  from  the  mountains  and  from  the 
trees  which  cover  them.  In  point  of  fact,  the  haze  is  a 
piece  of  more  or  less  perfect  sky ;  it  is  produced  iu  the 
same  manner,  and  is  subject  to  the  same  laws,  as  tha 
firmament  itself,     ^^'e  live  mi  the  sky,  not  under  it. 

These  points  were  fiu-ther  elucidated  by  the  deport- 
ment of  the  selenite  plate,  with  which  the  readers  of  the 
foregoing  pages  are  so  well  acquainted.  On  some  of 
the  sunny  days  of  August  the  haze  in  the  valley  of  the 
fihone,  as  looked  at  from  the  Bel  Alp,  was  very  remark- 
able. Towards  evening  the  sky  above  the  mountains  op- 
posite to  my  place  of  observation  yielded  a  series  of  tlie 
most  splendidly-coloured  iris-rings  ;  but  on  lowering  the 
selenite  until  it  had  the  darkness  of  the  pines  at  the 
opposite  side  of  the  Khone  valley,  instead  of  the  darkness 
of  space,  as  a  background,  the  colours  were  not  much 
diminished  iu  brilliancy.     I  should  estimate  the  dia\a,uc« 
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across  the  valley,  as  the  ctow  ftie»,  to  the  opposite 
mountain,  at  nine  miles ;  so  that  a  body  of  air  of  this 
tliickness  can,  under  favourable  circuinstanceB,  produce 
chromatic  ejects  of  polarisation  almoet  m  vivid  as  those 
produced  by  tliu  sky  itself. 


Again:  the  light  of  a 
things,  con&ists  ot 
from  superlicial  n 
as  the  light  whicl' 
part  reaches  us  fro 
■which  compose  tL 
of  the  total  light 
tinctive  colours.  ' 
substances  to  a  ce 


landscape,  aa  of  most  other 
the  one,  coming  purely 
(fays  of  the  same  colour 
M  laadscspe  ;  the  other 
lisfitll  irithin  the  objects 
^and  it  is  this  portion 
'these  objects  their  dia- 
it  of  the  sun  enters  all 
id  is  partially  ejected  by 


internal  reflection  ;  each  distinct  Bubstance  absorbing  and 
reflecting  the  light,  in  accordance  with  the  laws  of  its  own 
molecular  constitution.  Thus  the  solar  light  is  sifted  by 
the  landscape,  which  appears  in  such  colours  and  vari- 
ations of  colour  as,  after  the  sifting  process,  reach  the 
observers  eye.  Thus  the  bright  green  of  grass,  or  the 
darker  colour  of  the  pine,  never  comes  to  us  alone, 
but  is  always  mingled  with  an  amount  of  really  foreign 
light  derived  from  superficial  reflection.  A  certain  hard 
brilliancy  is  conferred  upon  the  woods  and  meadows  by 
this  superficially-reflected  light.  Under  certain  circum- 
stances, it  may  be  quenched  by  a  Nicol's  prism,  and  we 
then  obtain  the  true  colour  of  the  grass  and  foliage. 
Trees  and  meadows,  thus  regarded,  exhibit  a  richness  and 
softness  of  tint  which  they  never  show  as  long  as  the 
superficial  light  is  permitted  to  mingle  with  the  true 
interior  emission.  The  needles  of  the  pines  show  this 
effect  very  well,  large-leaved  trees  still  better ;  while  a 
glimmering  field  of  maize  exhibits  the  most  extraordinary 
variations  when  looked  at  through  the  rotating  Nicol. 
Thoughts  and  questions  like  those  here  referred  to 
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took  me,  in  Augiist  1869,  to  the  top  of  the  Aletachhora. 
The  effects  described  in  the  foregoing  paragraphs  were 
for  the  most  part  reproduced  in  the  summit  of  the  moun- 
tain. I  scanned  the  whole  of  the  sky  with  my  Nicol. 
Both  alone,  and  in  conjimction  with  the  selenite,  it  pro- 
noimced  the  perpendicular  to  the  solar  beams  to  be  the 
direction  of  maximum  polarisation.  But  at  no  portion 
of  the  firmament  was  the  polarisation  complete.  The 
artificial  sky  produced  in  the  experiments  recorded  in 
the  preceding  pages  could,  in  this  respect,  be  rendered 
more  perfect  than  the  natural  one ;  while  the  gorgeoua>f 
'residual  blue'  which  makes  its  appearance  when  the 
polarisation  of  the  artificial  sky  ceases  to  be  perfect,  waa 
strongly  contrasted  with  the  lack-lustre  hue  which,  in 
the  case  of  the  firmament,  outlived  the  extinction  of  the 
brilliancy.  With  certain  substances,  however,  artificially 
treated,  this  dull  residue  may  also  be  obtained. 

All  along  the  arc  from  the  Matterhom  to  Mont  Blanc 
the  light  of  the  sky  immediately  above  the  mountains  was 
powerfully  acted  upon  by  the  Nicol.  In  some  cases  the 
variations  of  intensity  were  astonishing.  I  have  already 
said  that  a  little  practice  enables  the  observer  to  shift  the 
Nicol  fi-om  one  position  to  another  so  rapidly  as  to  render 
the  alternate  extinction  and  restoration  of  the  light  imme- 
diate. When  this  was  done  along  the  arc  to  which  I 
have  referred,  the  alternations  of  light  and  darkness  re- 
sembled the  play  of  sheet  lightning  behind  the  moun- 
tains. There  was  an  element  of  awe  connected  with  the 
suddenness  with  which  the  mighty  masses,  ranged  along 
the  line  referred  to,  changed  their  aspect  and  definition 
under  the  operation  of  the  prism. 
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1870. 
Experimeiits  on  Dusty  Air. 

SOLAR  ligiit,  in  passing  through  a  dark  room,  revSiB 
its  track  by  iUuminating  the  dust  floating  in  the  air. 
'  The  sun,'  Bays  Daniel  Culverwell,  '  discovers  atomes, 
though  they  be  invisible  by  candle-light,  and  makes  them 
dance  naked  in  his  beams.' 

In  my  researches  on  the  decomposition  of  va{>oun  by 
light,  I  was  compelled  to  remove  these  '  atomes '  and  t 
dust.    Itwas  essential  that  the  space  containing  the  vapou 
should   embrace    no    visible   thing — that   no    substane 
capable  of  scattering  light  in  the  slightest  sensible  degre 
phoold,  at  the  outset  of  an  experiment,  be  foimd  in  the  wid^ 
'  experimental  tube '  in  which  the  vapour  was  enclosed. 

For  a  long  time  I  was  troubled  by  the  appearance 
there  of  floating  matter,  which,  though  invisible  in  diflfuse 
daylight,  was  at  once  revealed  by  a  powerfully  condensed^ 
beam.      Two  U-tubes  were  placed  in  succession  in  tb^H 
path  of  the  air,  before  it  entered  the  liquid  whose  vapour 
was  to  be  carried  into  the  experimental  tube.     One  of  th(tH 
U-tubes  contained  fragments  of  glass  wetted  with  cott^B 
centrated  sulphuric  acid ;  the  other,  fragments  of  marble 
wetted  with  a  strong  solution  of  caustic  potash.'     To  mjj 
astonishment,   the   air   of   the   lioyal    Institution, 

'  The  ftpporotas  is  figarod  and  deacribed  at  p,  164. 
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through  these  tubes  at  a  rate  sufficiently  slow  to  dry  it, 
and  to  remove  it«  carbonic  acid,  carried  into  the  experi- 
mental tube  a  considerable  amount  of  mechanically  sus- 
pended matter,  which  was  illuminated  when  the  beam 
passed  through  the  tube.  The  eflFect  was  substantially 
the  same  when  the  air  was  permitted  to  bubble  through 
the  liquid  acid,  and  through  the  solution  of  potash. 

I  tried  to  intercept  this  floating  matter  in  various 

lys  ;  and  on  October  5,  1868,  prior  to  sending  the  air 

through  the  drying  apparatus,  it  was  carefully  permitted 

pass  over  the  tip  of  a  spirit-lamp  flame.     The  floating 

itter  no  longer  appeared,  having  been  burnt  up  by  the 
flame.  It  was  therefore  organic;  matter.  I  was  by  no 
means  prepared  for  this  result ;  having  previously  thought 
that  the  dust  of  our  air  was,  in  great  part,  inorganic  and 

Ron-combustible.' 
I  had  constructed  a  small  gas-furnace,  now  much  em- 
loyed  by  chemists,  containing  a   platinum  tube,   which 
Duld  be  heated  to  vivid  redness.'     The  tube  contained  a 
roll  of  platinum  gauze,  which,  while  it  permitted  the  air 
to  pass  through  it,  ensiu-ed  the  practical  contact  of  the 
dust  with  the  incandescent  metal.     The  air  of  the  labo-j 
ratory   was   permitted   to   enter  the  experimental  tube,' 
1      sometimes  through  the  cold,  and  sometimes  through  the 
heated,  tube  of  platinum.     In  the  first  column   of  the 


'  According  to  an  nnalysis  kiodly  fumisheJ  to  mo  b;  Dr.  Fsrcy,  the 

;  oollert*d yVwn  thr  walls  of  the  British  Muwnm  rontains  fully  M)  per 

Dt.  of  inorgftpic  matter.     I  have  every  confidence  in  the  results  of  this 

itingniahKl  chemist ;  they  show  that  iht  floating  dust  of  our  rooms  is,  as 

;  were,  winnowed  from  the  heavier  matter.     As  bearing  directly  upon  this 

oint  I   may  qnote  the   following  passage  from  Pnsteur :   '  Mais  ici 

eote  nne  romarqno:  la  potusiire  que  Ton  tTouve  a  In  surface  tie 

iqr|is  eat  aonmise  coostjimment  &  dee  countntsd'air,  qui  doivent  soulcve 

ptfticnles  !«»  plus  Idgires,  an  nombre  dcsquelles  se  trouvcnt,  rnnsl 

nt«,   de   pri^f^rence   les  eorpascules   organises,  oenfe   on  spons,  moins 

I  gininilement  que  lea  particulee  mioAralea.' 
'  PMlear  wsi,  I  believe,  tha  fint  to  employ  lach  a  ttibe. 
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following  fragment  of  a  long  table  the  quantity  of  air 
operated  on  is  expressed  by  the  depression  of  the  mercury 
gauge  of  the  air-piunp.     In  the  second  column  the  coi 
dition   of  the  platinum  tube   is   mentioned,  and  in  th( 
third  the  state  of  the  air  in  the  experimental  tube. 


Qoaotlty  of  atr 

Suta  at  plivtinnm  tube 

Shite  of  eiparimeotal  tub* 

16  inebes 

Cold 

Fnll  of  particles. 

80      .,   .        . 

Red-hot  . 

Optically  empty. 

The  phrase  '  optically  empty '  shows  that  when  tha 
conditions  of  perfect  combustion  were  present,  the  floating 
matter  totally  disappeared. 


In  a  cylindrical  beam,  which  strongly  illuminated  the 
dust  of  the  laboratory,  I  placed  an  ignited  spirit-lamp. 
Mingling  with  the  flame,  and  round  its  rim,  were  seei^ 
curious  wreaths  of  darkness  resembling  an  intensely  black" 
smoke.     Ou  placing  the  flame  at  some  distance  below  the 
beam,  the  same  dark  masses  stormed  upwards.    They  were 
blacker  than  the  blackest  smoke  ever  seen  issuing  front] 
the  funnel  of  a  steamer;  and  their  resemblance  to  smokfl 
was  so  perfect  as  to  lead  the  most  practised  observer 
conclude  that  the  apparently  pure   flame  of  tlie  alcoho| 
lamp  required  but  a  beam  of  sutBcient  intensity  to  revea 
its  clouds  of  liberated  carbon. 

But  is  the  blackness  smoke?  This  question  presented 
itself  in  a  moment  and  was  thus  answered :  A  red-hot, 
poker  was  placed  underneath  the  beam:  from  it  the  blac 
wreaths  also  ascended.  A  large  hydrogen  flame  was  nei 
employed,  and  it  produced  tliose  whirling  masses  of  dark^ 
uess,  far  more  copiously  than  either  the  spirit-flame 
poker.     Smoke  was  therefore  out  of  the  question.' 

'  In  Done  of  the  public  rooms  of  the  United  States  where  I  had  tb^ 
honour  to  lecture  was  thiH  experiment  mnde.    The  organic  dust  wiu  U>al 
aeanty.     Certain  rooms  in  England — the  Brighton  Pavilion,  for  ommple 
alao  lack  the  necessniy  conditions. 
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What,  then,  was  the  blackness  ?  It  was  simply  that  of 
stellar  space  ;  that  is  to  say,  blackness  resulting  from  the 
absence  from  the  track  of  the  beam  of  all  matter  compe- 
tent to  scatter  its  light.  When  the  flame  was  placed 
l)clow  the  beam  the  floating  matter  was  destroyed  in 
hUu  ;  and  the  air,  freed  from  this  matter,  rose  into  the 
l>eam,  jostled  aside  the  illuminated  particles,  and  substi- 
tuted for  their  light  the  darkness  due  to  its  own  perfect 
transparency.  Nothing  could  more  forcibly  illustrate  the 
invisibility  of  the  agent  which  renders  all  things  visible. 
The  beam  crossed,  imseen,  the  black  chasm  formed  by  tlie 
transparent  air,  while,  at  l>oth  sides  of  the  gap,  the  thick- 
strewn  particles  shone  out  like  a  luminous  solid  under  the 
powerful  illumination. 

It  is  not,  however,  necessary  to  bum  the  particles  to 
produce  a  stream  of  darkness.  Without  actual  combustion, 
currents  may  be  generated  which  shall  displace  the  floating 
matter,  and  appear  dark  amid  the  surrounding  brightness. 
I  noticed  this  eflfect  first  on  placing  a  red-hot  copper  ball 
below  the  beam,  and  pei-mitting  it  to  remain  there  until 
its  temperature  had  fallen  below  that  of  boiling  water. 
The  dark  currents,  though  much  enfeebled,  were  still  pro- 
duced. They  may  also  be  produced  by  a  flask  filled  with 
hot  water. 

Tu  study  this  effect  a  platinum  wire  was  stretched 
across  the  beam,  the  two  ends  of  the  wire  being  connected 
with  the  two  poles  of  a  voltjiic  battery.  To  regiilate  the 
strength  of  the  current  a  rheostat  was  placed  in  the  cir- 
cuit. Beginning  with  a  feeble  current  the  temperature 
of  the  wire  was  gradually  augmented ;  but  long  before  it 
reached  the  heat  of  ignition,  a  flat  stream  of  air  rose  from 
it,  which  when  looked  at  edgeways  appeared  darker  anrt 
sharper  than  one  of  the  blackest  lines  of  Fraunhofer  in 
the  purified  spectrum.  Right  and  left  of  this  dark  verticiil 
band  the  floating  matter  rose  upwards,  bounding  detvw\Ve\^ 
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the  non-luminous  stream  of  air.  What  is  the  explaoatian  ? 
Simply  this:  The  hot  wire  rarefied  the  air  in  contact 
with  it,  but  it  did  not  equally  Ughteii  the  floating  aiatt«r. 
The  convection  current  of  pure  air  therefore  passed  up- 
wards anioni/  the  inert  partteles,  dragging  them  afler  it 
right  and  left,  but  forming  between  them  an  impassable 
black  partition.     T'         '  y  experiment  enables  us 

to  render  an  accouni  k   currenta   produced  by 

bodies  at  a  tempera  \t  of  combastion. 

But  when  tlie  j  is   intensely   heated,  the 

floating  mattej  is  no  aced,  but  destfoyed.     I 

stretched  a  wire  iiljout  ng  through  the  air  of  an 

ordinary  glas:^  ^hade  ton-wool,  which  also  sur- 

rounded the  rim.     1  ,g  raised  to  a  white  heat 

by  an  electric  ciirient,  the  iiir  espandeiJ,  and  some  of  it 
was  forced  througli  the  cotton-wool.  When  the  current 
was  interrupted,  and  the  air  within  the  shade  cooled,  the 
returning  air  did  not  carry  motes  along  with  it,  being  fil- 
tered by  the  wool.  At  the  beginning  of  this  experiment 
the  shade  was  clmrged  with  floating  matter ;  at  the  end  of 
half  an  hour  it  was  optically  empty. 

On  the  wooden  base  of  a  cubical  glass  shade  measuring 
IH  iuohes  a  side,  upright  supports  were  fixed,  and  from 
one  support  to  the  other  38  inches  of  platinum  wire  were 
stretched  in  four  parallel  lines.  The  ends  of  the  platinum 
wire  were  soldered  to  two  stout  copper  wires  which  passed 
through  the  base  of  the  shade  and  could  be  connected 
with  a  battery.  As  in  tlie  last  experiment  the  shade 
rested  upon  cotton-wool.  A  beam  sent  through  the  shade 
revealed  the  suspended  matter.  The  platinum  wire  was 
then  raised  to  whiteness.  In  five  minutes  there  was  a 
sensible  diminution  of  the  matter,  and  in  ten  minutes  it 
was  totally  consumed. 

Oxygen,  hydrogen,  nitrogen,  carljonie  acid,  so  prepared 
as  to  exclude  all  floating  particles,  produce,  when  poured 
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or  blown  into  the  beam,  the  darkness  of  stellar  space. 
Coal-gas  doesi  the  same.  An  ordinary  glass  shade,  placed 
in  the  air  with  its  mouth  downwards,  permits  the  track  of 
the  beam  to  be  seen  crossing  it.  When  coal-gas  or  hydro- 
fen  is  permitted  to  enter  the  shade  by  a  tube  reaching  to 
its  top,  the  gas  gradually  fills  the  shade  from  above  down- 
wards. As  soon  as  it  occupies  the  space  crossed  by  the 
beam,  the  luminous  track  is  abolished.  Lifting  the 
shade  so  as  to  bring  the  common  boundary  of  gas  and  air 
above  the  beam,  the  track  flashes  forth.  After  the  shade 
^Ks  full,  if  it  be  inverted,  the  pure  gas  passes  upwards  like 
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There  is  no  respite  to  our  contact  with  the  floating 
matter  of  the  air  :  and  the  wonder  is,  not  that  we  should 
suflfer  occasionally  from  its  presence,  but  that  so  small  a 
portion  of  it,  and  even  that  but  raiely  diffused  over  large 
areas,  should  appear  to  be  deadly  to  man.  And  what  is 
rhis  portion  ?  It  was  some  time  ago  the  current  belief 
that  epidemic  diseases  generally  were  propagated  by  a 
ind  of  malaria,  which  consisted  of  organic  matter  in  a 
,te  of  vwtor-tU^ay  ;  that  when  such  matter  was  taken 
to  the  body  through  the  lungs,  skin,  or  stomach,  it  had 
the  power  of  spreading  there  the  destrojing  process  by 
which  itself  had  been  assailed.  Such  a  power  was  visibly 
erted  in  the  case  of  yeast.  A  little  leaven  was  seen 
to  leaven  the  whole  lump— a  mere  speck  of  matter,  in 
this  supposed  state  of  decomposition,  being  apparently 
mpetent  to  propagate  indefinitely  its  own  decay.  Why 
should  not  a  bit  of  rotten  malaria  act  in  a  similar 
manner  within  the  hiunan  frame?  In  1836  a  very  won- 
derful reply  was  given  to  this  question.  In  that  year 
rd  de  la  Tour  discovered  the  yeost-pfant,  a  \\v\vi^ 
X  -2 
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organism,  which  when  placed  in  a  proper  Diedium  feeds, 
grows,  and  reproduces  itself,  and  in  this  way  carries  on 
the  process  which  we  name  fermentation.  By  this  strik- 
ing discovery  fermentation  was  connected  with  organic 
growth. 

Schwann,  of  Berlin,  discovered  the  yeast-plant  inde- 
pendently aliout  the  *  and  in  February,  1837, 
he  also  announced  Bt  result,  that  when  a 
decoction  of  meat  screened  from  ordinary 
air,  and  supplied  i  Icined  air,  putrefaction 
never  sets  in.  Put  fefore,  he  affirmed  to  be 
caused,  not  liv  tlie  au  ^thing  which  could  be 
destroyed  by  :i  suffii  feiperature.  The  results 
of  .Schwann  were  <  {te  independent  erperi- 
ments  of  Ilelniholtz,  L're,  anci  Pasteur,  while  other 
methods,  pursued  y>y  Sehultze,  and  by  Schroeder  and 
Dusch,  led  to  the  same  result.  But  as  regards  fermenta- 
tion, tlie  minds  of  chemists,  influenced  probably  by  the 
great  authority  of  Gay-Lussac,  fell  back  upon  the  old  no- 
tion of  matter  in  a  state  of  decay.  It  was  not  the  living 
yeast-plant,  but  the  dead  or  dying  parts  of  it,  which,  as- 
sailed by  oxygen,  produced  the  fermentation.  Tliis  notion 
was  finally  exploded  by  Pasteur.  He  proved  the  real 
'  ferments '  to  be  organised  ])eings  which  find  in  the  re- 
puted tVrnients  their  necessary  food. 

Side  by  side  wiUitliese  researches  and  discoveries,  and 
fortified  by  tliem  and  others,  has  run  the  f/erm  theory  of 
epi<lemic  disease.  Tlie  notion  was  expressed  by  Kircher, 
and  favoured  ly  Linna'iis,  that  epidemic  diseases  may  l)e 
due  to  germs  which  float  in  the  atmosphere,  enter  the 
body,  and  produce  disturbance  by  the  development  within 
the  body  of  parasitic  life.  The  strength  of  this  theorv 
consists  in  the  perfect  parallelism  of  the  phenomena  of 
contagious  disease  with  those  of  life.  As  a  planted  acorn 
gives  birth  to  an  oak,  competent  to  produce  a  whole  crop 
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^f  acorns,  each  gifted  with  the  power  of  reproducing  its 

rent  tree ;  and  as  thus  from  a  single  seedling  a  whole 

srest  may  spring ;  so,  it  is  contended,  these  epidemic 

iseasies  literally  plant  their  seeds,  grow,  and  shake  abroad 

Hew  germs,  which,  meeting  in  the  human  body  their  proper 

food  and  temperature,  finally  takes  possession  of  whole 

jpulations.     There  is  nothing  to  my  knowledge  in  pure 

lemistry  which  resembles  the  power  of  self-multiplica- 

ion    possessed  by  the  matter  which   produces  epidemic 

lisease.     If  you  sow  wheat  you  do  not  get  barley  ;  if  you 

>w  small-pox  you  do  not  get  scarlet-fever,  but  small-pox 

adelinilely  multiplied,  and  nothing  else.     The  matter  of 

ch  contagious  disease  reproduces  itself  as  rigidly  as  if  it 

(as  Miss  Nightingale  puts  it)  dog  or  cat. 

'(vra»itio  Diseases  of  Silkworms.     Piisteur's  Researches. 

It  is  admitted  on  all  hands  that  some  diseases  are  the 
product  of  parasitic  growth.      Both  in  man  and  in  lower 
xeatxires,  the  existence  of  such  diseases  has  been  demon- 
rated.       I  am  enabled  to  lay  before  you  an  account  of 
.n  epidemic   of  this  kind,  thoroughly    investigated  and 
ccessfully  combated  by  M.  Pasteiu-.     For  fifteen  years  a 
lague  had  raged  among  the  silkworms  of  France.     They 
lad  fickened  and  died  in  multitudes,  while  those  that  suc- 
ceeded in  spinning  their  cocoons  furnished  only  a  fraction 
rof  the  norma!  quantity  of  silk.       In  1853  the  siik  culture 
t>f  France  produced  a  revenue  of  one  hundred  and  thirty 
millions  of  francs.     During  the  twenty  previous  years  the 
•evenue  had  doubled  itself,  and  no  doubt  was  entertained 
to  its  further  augmentation.     The  weight  of  the  cocoons 
roduced  in  1853  was  2G,0(JO,O0O  kilogrammes;  in   1865 
t  had  fallen  to  4,000,000,  the  fall  entailing,  in  a  single 
year,  a  loss  of  100,000,000  francs. 

The  country  chiefly  smitten  by  this  calamity  happened 
to  be  that  of  the  celebrated  chemist  Dumas, novi  ^etipeVW^ 
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secretary  of  the  French  Academy  of  Sciences.      He  turned 
to  bis  frienri,  colleague,  and  pupil,  Pasteur,  and  besought 
aim,  with  an  earnestness  which  the  circumstances  rendered 
almost  personal,  to   undertake    the  investigation  of  the 
malady.      Pasteur  at  this  time  had  never  seen  a  silkworm, 
and  he  urged    his  inexperience   in  reply  to  his  friend. 
But  Dumas  knew  too  well  the  qualities  needed  for  such  an 
enquiry  to  accept  Pasteur's  reason  for  declining  it.     'Je 
mets,'  said  he,   'un  prix  extreme  k  voir  votre  attention 
fixee  sur  la  question  qui  interesse  mon  pauvTe  pays : 
mis^re  surpasse  tout  ce  que  vous  pouvez  imaginer.'     Pam»l 
phlets   about   the  plague  had    been  showered  upon  th«i 
public,   the  monotony  of  waste  paper  being  broken,  al 
rare  intervals,  by  a  more  or  less  useful  publication.     'The 
Pharmacopoeia   of  the  Silkworm,'  wrote   M.  Comalia  il^ 
1 8fiO,  '  is  now   as  complicated  as  that  of  man.      Gast 
liquids,  and  solids   have   been    laid   under   contribution 
From  chlorine  to  sulphurous  acid,  from  nitric  acid  to  run 
from  sugar  to  sulphate  of  quinine, — all  has  been  invoked  i 
behalf  of  this  imhappy  insect.'      The  helpless  cultivator 
moreover,  welcomed   with  re.ndy  trustfulness  every   ne\i 
remedy,  if  only  pressed  upon  them  with  sufficient  hardi- 
hood.      It  seemed   impossible   to   diminish   their   blind 
confidence  in  their  blind  guides.       In   1863  the  French 
Minister   of    Agriculture   signed   an  agreement   to   pay^ 
500,000  francs  for  the  use  of  a  remedy,  wliich  ita  pr 
moter  declared  to  be  infallible.      It  was  tried  in  twelv^ 
different  departments  of  France,  and  found  perfectly  us 
less.      In  no  single  instance  was  it  successful.      It 
under  these  circumstances  that  M.  Pasteur,  yielding 
the  entreaties  of  his  friend,  betook  himself  to  Alais  in  th? 
l)eginning   of  June,  1865.      As  regards  silk  husbandry^ 
this  was  the  most  important  department  in  France,  and 
was  the  most  sorely  smitten  by  the  plague. 

The  silkworm  had  been   previously  attacked  by  vii 
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^^^^En«,  a  disease  proved  by  Bassi  to  be  caused  bj  a  vege- 

f     table  parasite.      Though  not  hereditary,  this  malady  was 

]      propagated  annually  by  the  parasitic  spores.       Wafted  by 

winds  they  ofteu  sowed  the  disease  in  places  far  removed 

am  the  centre  of  infection.      Muscardine  is  now  said  to 

■  very  rare,  a  deadlier  malady  bavinf^j  taken  its  place.     A 

requent  outward  sign  of  this  new  disease  are  the  black 

yts  which  cover  the  silkworms ;  hence  the  name  "pehrine, 

irst  applied  to   the  pkifjue  by   M.  de  (Juatrefages,  and 

loptcd  by  Pasteiu-.    Peliriue  declares  itself  in  the  stunted 

and  unequal  growth  of  the  worms,  in    the   languor  of 

^■their  movements,  in  their  fastidiousness  as  regards  food, 

^■md  in  their  premature  death.      The  track  of  discovery  as 

^pegards  the  epidemic  is  this:  In  1849  Guerin  Meneville 

noticed  in  the  blood  of  silkworms  vibratory  corpuscles, 

which  he  supposed  to  be  endowed  with  independent  life. 

Filippi  proved  him  wrong,  and  showed  that  the  motion  of 

^■iie  corpuscles  was  the  well-known  Brownian  motion.  But 
^T''ilippi  himself  committed  the  error  of  supposing  the  cor- 
puscles to  be  normal  to  the  lite  of  the  insect.  They  are 
really  the  cause  of  its  mortality — the  form  and  substance 
of  its  disease.  This  was  well  described  by  Cornelia  ;  wliile 
I^ebert  and  Frey  subsequently  found  the  corpuscles  not 
only  in  the  blood,  but  in  all  the  tissues  of  the  insect. 
Osimo,  in  1857,  discovered  them  in  the  eggs;  and  on  this 

Kbservation    Vitt-adiani    founded,   in     1859,   a    practical 
lethod    of  distinguishing   healthy    from    diseased    eggs. 
'he  test  often  proved  fallacioua,  and  it  was  never  exten- 
sively applied. 

These  living  corpuscles  take  possession  of  the  intestinal 
canal,  and  spread  thence  throughout  the  body  of  the  worm. 

KTiey  fill  the  silk  cavities,  the  stricken  insect  often  going 
utomatically  through  the  motions  of  spinning,  without 
any  material  to  work  upon.  Its  organs,  inst.ead  of  being 
filled  with  the  clear  viscous  liqiud  of  the  silk,  ate  packed 
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to  distension  by  the  corpuscles.      On  this  feature  of  the 
plague  Pasteur  fixed  his  entire  attention.    The  cycle  of  tbe 
silkworm's  life  ia  briefly  this :  From  the  fertile  egg  conn 
the  little  worm,  which  grows,  and  casts  its  skin.      Thii> 
process  of  moulting  is  repeated  two  or  three  times  at  sub- 
sequent intervals  during  the  life  of  the  insect.       After  tbe 
last  moulting  the  worm  climbs  the  brambles  placed 
receive  it,  and  spins  among  them  its  cocoon.      It  passes 
thus  into  a  chrysalis  ;  the  chrysalis  becomes  a  moth,  and  the 
moth,  when  liberated,  lays  the  eggs  which  form  the  starting- 
point  of  a  new  cycle.     Now  Pasteur  proved  that  the  plagu©«j 
corpuscles  might  be  incipient  in  the  egg,  and  escape  dete- 
tion ;  they  might  also  be  germinal  in  the  worm,  and  still 
baffle  the  microscope.    But  as  the  worm  grows,  the  corpus- 
cles grow  also,  becoming  larger  and  more  defined.     In  tb 
aged  chrysalis  they  are  more  pronounced  than  in  the  worm 
while  in  tlie  moth,  if  either  the  egg  or  the  worm  from 
which  it  comes  should  have  been  at  all  stricken,  the  coi 
puscles  infallibly  appear,  offering  no  difficulty  of  det 
tion.      This  was  the  first  great  point  made  out  in  1865 
Pasteiu-.      The    Italian   naturalists,  as  aforesaid,  recom' 
mended  the  examination  of  the  eggs  before  risking  their 
incubation.      Pasteur  showed  that  both  eggs  and  worms 
might  be  smitten,  and  still  pass  muster,  the  culture  of 
such  eggs  or  such  worms  being  sure  to  entail  disaster.    He 
made  the  moth  his  starting-point  in  seeking  to  regenerate 
the  race. 

Pasteur  made  his  first  commimication  on  this  subj 
to  the  Academy  of  Sciences  in  September,  1865.  It  raii 
R  cloud  of  criticism.  Here,  forsooth,  was  a  chemist  rashly 
quitting  his  proper  metier  and  presuming  to  lay  down  the 
law  for  the  physician  and  biologist  on  a  subject  which  was 
eminently  theirs.  '  On  trouva  Strange  que  je  fusse  si 
peu  au  courant  de  la  question  ;  on  m'opposa  des  travaux 
qui  avaient  paru   depuis  longtemps  en  Italic,   dont  1 
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r^dultats  montraieni  Tinutilite  de  mes  efforts,  et  Tiinpossi- 
bilit^  d'arrirer  &  un  resultat  pratique  dans  la  directiun 
que  je  m'etais  engag^.  Que  mon  ignorance  fut  graude 
au  sujet  des  recberches  sang  nombre  qui  avaient  paru  depuia 
quinze  ann^.'  Pasteur  heard  the  buzz,  but  he  con- 
tinued his  work.  In  choosing  the  eggs  intended  for  in- 
cubation, the  cidtivators  selected  those  produced  in  the 
successful '  educations '  of  the  year.  But  they  could  not 
understand  the  frequent  and  often  disastrous  failures  of 
their  selected  eggs ;  for  they  did  not  know,  and  nobody 
prior  to  Pasteur  was  competent  to  tell  them,  that  the 
linest  cocoons  may  envelope  doomed  corpusculous  moths. 
It  was  not,  however,  easy  to  make  the  cultivators  accept 
new  guidance.  To  strike  their  imagination,  and  if  pos- 
sible determine  their  practice,  Pasteur  hit  up<in  the  ex- 
pedient of  prophecy.  In  186()  he  inspected,  at  St. 
^JUppolyte-du-Fort,  foiuleen  different  parcels  of  eggs  in- 
^bnded  for  incubation.  Having  examined  a  sufficient 
'^number  of  the  moths  which  produceil  these  eggs,  he 
^Rote  out  tiie  prediction  of  what  would  occur  in  1867,  and 
^flaced  the  prophecy  as  a  sealed  letter  in  the  hands  of  the 
Mayor  of  St.  Hippolyte. 

In  1867  the  cultivators  communicated  to  the  mayor 
their  results.  The  letter  of  Pasteiu-  was  then  opened  and 
read,  and  it  was  found  that  in  twelve  out  of  fourteen 
csees  there  was  abst>lute  conformity  between  his  pre- 
diction and  the  observed  facts.  Many  of  the  groups  had 
perished  totally  ;  the  others  had  perished  almost  totally ; 
and  this  was  the  prediction  of  Pasteiu:.  In  two  out  of 
the  fourteen  cases^  instead  of  the  prophesied  destruction, 
half  an  average  crop  was  obtained.  Now,  the  parcels  of 
eggs  here  referred  to  were  considered  healthy  by  their 
owners.  They  had  been  hatched  and  tended  in  the  firm 
hope  that  the  labour  expended  on  them  would  prove 
remunerative.     The  application  of  the  motU-teslfoi  a"ieHJ 
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minutes  in  1866,  would  have  eared  the  labonrand  averted 
the  fiisappiiintmeDt.  Two  additional  parcels  of  ^ggs  were 
at  t^le  same  time  submitted  to  Paateur.  He  pronounced 
them  healthy ;  and  Ms  worda  were  verified  by  the  pro- 
ducticm  of  an  excdleot  crop,  Otber  cases  of  prophecy 
still  more  remarkable,  because  more  circumstantial,  are 
recorded  in  Pasteura 

Pastpur  subjected  ment  of  the  corpuscles  to 

a  tearching  iuvestigati  lowed  out  with  admirable 

skill    and    conapletet  lious   modes    by    which 

the  plague  was  prnpaj  >m  moths  perfectly   free 

from    eorpiuscles    he    <  lealthy    worms,    and   se- 

lecting   10,   20,   30,  '  case  might  be,  he  in- 

troduced  into   the  w  lorpusculous  matter.     It 

was  first  permitted  to  accrtnapany  the  food.  Let  us  take 
a  single  example  out  of  many.  Eubbing  up  a  small 
corpuscidous  wonn  in  water,  he  smeared  the  mixture 
over  the  niulberrv-leaves.  Assuring  himself  that  the 
leaves  had  been  eaten,  he  watched  the  consequences  from 
day  to  day.  Side  by  side  with  the  infected  worms  he 
reared  their  fellows,  keeping  them  as  much  as  possible 
out  of  the  way  of  infection.  These  constituted  his  '  lot 
temoign,' — his  standard  of  comparison.  On  April  16. 
IHfiS,  be  thus  infected  thirty  worms.  Up  to  the  23rd 
they  remained  quite  well.  On  the  25th  they  seemed 
well,  but  on  that  day  corpuscles  were  found  in  the  intes- 
tines of  two  of  them.  On  the  27th,  or  eleven  days  after 
tjie  infected  repast,  two  fresh  worms  were  examined,  and 
not  only  was  the  intestinal  canal  found  in  each  case  invaded, 
but  tlie  silk  organ  itself  was  charged  with  corpuscles. 
On  tlie  28th  the  twenty-six  remaining  worms  were  covered 
by  the  black  spots  of  pebrine.  On  the  30th  the  difference 
of  size  between  the  infected  and  non-infected  worms  was 
very  striking,  the  sick  worms  being  not  more  than  two- 
thirds   of  the    bulk   of  the  healthy  ones.      On  May  2 
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a  worm  wLicb  had  just  finished  its  fourth  mnulting 
was  examined.  Its  whole  hody  was  so  filled  with  tlie 
parasite  as  to  excite  astonishment  that  it  could  live.  The 
di&ease  advanced,  the  worms  died  and  were  examined, 
and  on  May  11  only  six  out  of  the  thirty  remained. 
They  were  the  strongest  of  the  lot,  but  on  being  searched 
they  also  were  found  charged  with  corpuscles.  Not  one 
of  the  thirty  worms  had  escaped ;  a  single  meal  had 
poisoned  them  all.  The  standard  lot,  on  the  contrary, 
spun  their  fine  cocoons,  two  only  of  their  moths  being 
proved  to  contain  any  trace  of  the  parasite,  which  had 
doubtless  been  introduced  during  the  rearing  of  the 
worms. 
I  As  his  acquaintance  with  the  subject  increased,  Pas- 

^^bir's  desire  for  precision  augmented,  and  he  finally 
^Hunted  the  growing  niunber  of  corpuscles  seen  in  the 
^^fcld  of  his  microscope  from  day  to  day.  After  a  eonta- 
^Hous  repast  the  number  of  worms  conttiining  the  parusite 
^graduiilly  augmented  until  fiiuilly  it  became  cent,  per 
cent.  The  nitmber  uf  corpuscles  would  at  the  same  time 
rise  from  0  to  1,  to  10,  to  100,  and  sometimes  even  to 
1,000  or  1,500  in  the  field  of  his  microscope.  He  then 
^^Rried  the  mode  of  infection.  He  inoculated  healthy 
^Binas  with  the  corpusculous  matter,  and  watched  the 
^Bmsequent  growth  of  the  disease.  He  proved  that  the 
^^orms  inoculate  each  other  by  the  infliction  of  visible 
wounds  with  tlieir  claws.  In  various  cases  he  washed  the 
claws,  and  found  corpuscles  in  the  water.  He  demon- 
ted  the  spread  of  infection  by  the  simple  association 
healthy  and  diseased  worms.  By  their  claws  and  their 
yections,  the  diseased  worms  spread  infection.  It  was 
hypothetical  infected  medium  —  no  problematical 
hogenic  gas — that  killed  the  worms,  but  a  definite 
nism.  The  question  of  infection  at  a  distance  was 
o  examined,  and  it«  existence  demonstrated.     Xa  m\^\\\. 
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be  expected  from  Pasteur's  antecedents,  the  investigation 
was  exliaustive,  the  skill  and  beauty  of  his  naanipulatioa 
findinj^  fitting  correlatives  in  the  strength  and  cleame 
of  his  thought. 

The  following  quotation  from  Pasteur's  work  clearh 
shows  the  relation  in  which  bis  researches  stand  to  the 
important  question  on  which  he  waa  engaged : 

Place  (he  says)  the  most  skilful  educator,  even  the  mott 
fxpert  microscopist,  in  presence  of  large  educations  which  pres 
the  syDiptoms  described  in  our  experiments;  his  judgment  wB 
necessarily  be  erroneous  If  he  confines  himself  to  tlie  knowled 
which  preceded  my  researches.  The  worms  will  not  prasent 
him  the  slightest  spot  of  pdbrine ;  the  microscope  will  nut  reveal 
the  existence  of  corpuscles;  the  mortality  of  the  worms  will  b« 
null  or  insignificant;  and  the  cocoons  leave  nothing  to  be  desired. 
Our  observer  would,  therefore,  conclude  without  hesitation  th 
the  eggs  produced  will  he  good  for  incubation.  The  truth  is,  i 
the  contrary,  that  all  the  worms  of  these  fine  crops  have  be«n 
jioisoned ;  that  from  the  beginning  they  carried  in  them  the  germ 
I'f  the  malady ;  ready  to  multiply  itaelf  beyond  measure  in  the 
chrysalides  and  the  moths,  thence  to  pass  into  the  eggs  and  smite 
with  sterility  tlie  next  genemtion.  And  what  is  the  first  came 
of  the  evil  concealed  under  so  deceitful  an  exterior  ?  In  otiT 
expuriments  wo  can,  so  to  speak,  touch  it  with  oiu-  fingers.  It  is 
enUrely  the  effect  of  a  single  corpusculous  repast ;  an  effect  mon 
or  less  prompt  according  to  the  epoch  of  life  of  the  worm  ih 
has  eaten  the  poisoned  food. 

Pasteur  describes  in  detail  his  method  of  eecuring 
healthy  eggs.  It  is  nothing  less  than  a  mode  of  restor- 
ing to  PVance  her  ancient  silk  husbandry.  The  justilica- 
tion  of  his  work  is  to  be  found  in  the  reports  which 
reached  him  of  the  application  and  the  unparalleled  si 
cess  of  his  method,  while  editing  his  researches  for  fi: 
publication.  In  both  France  and  Italy  his  method 
been  pursued  with  the  most  surprising  results.  But  it 
was  an  up-hill  fight  which  led  to  this  triumph.     '  Ev 
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lie  says,  '  since  the  commencement  of  these  researches,  I 
have  been  exposed  to  the  most  obstinate  and  unjust  con- 
tradictions ;  but  I  have  made  it  a  duty  to  leave  no  trace 
of  these  conflicts  in  this  book.'  And  in  reference  to 
parasitic  diseases,  generally,  he  uses  the  following  weighty 
words :  '  II  est  au  ponvoir  de  Thomme  de  faire  dis- 
paraitre  de  la  surface  du  globe  les  maladies  parasitaires, 
ri,  comme  e'est  ma  conviction,  la  doctrine  des  generations 
spontanees  est  une  chim^re.' 

Pasteur  dwells  upon  the  ease  with  which  an  island  like 

rsica  might  be  absolutely  isolated  from  the  silkworm 
epidemic.  And  with  regard  to  other  epidemics,  Mr. 
Simon  describes  an  extraordinary  case  of  insular  exemp- 
tion, for  the  ten  years  extending  from  1851  to  1860.  Of 
the  627  registration  districts  of  England,  one  only  had 
an  entire  escape  from  diseases  which,  in  whole  or  in  part, 
were  prevalent  in  all  the  others :  '  In  all  the  ten  years  it 
had  not  a  single  death  by  measles,  nor  a  single  death  by 
small-pox,  nor  a  single  death  by  scarlet-fever.     And  why  ? 

ot  becavise  of  its  general  ,«anitary  merits,  for  it  had  an 

erage   amount    of    other    evidence    of    unhealthiness. 

ubtless,  the  reason  of  its  escape  was  that  it  was  insu- 
lt was  the  district  of  the  Scilly  Isles ;  to  which  it 
most  improbable  that  any  febrile  contagion  shoidd 
come  from  without.     And  its  escape  is  an  approximative 
proof  that,  at  least  for  those  ten  years,  no  contagium  of 
measles,  nor  any  coutiigium  of  scarlet-fever,  nor  any  con- 

Lgium  of  small-pox  had  arisen  spontaneously  within  its 
limits.'  It  may  be  added  that  there  were  only  seven 
districts  in  England  in  which  no  death  from  diphtheria 
occurred,  and  that,  of  those  seven  districts,  the  district  of 
the  Scilly  Isles  was  one. 

A  second  parasitic  disease  of  silkworms,  called  in  France 
lafiacherie,  co-existent  with  pebrine,   but  quite  distinct 
lAfrom  it,  has  also  been  investigated  by  Pasteur.    Euv^w^Vv., 
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Vnrever,  has  been  said  to  send  the  reader  intereste 
th«ee  questions  to  the  original  volumes   for  further  in- 
formation.    To  one  important  practical  point  M.  Pasteur, 
in  a  letter  to  myself,  directs  attention  : 

Pennettez-raoi  de  terminer  ces  quelques  lignes  que  je  do5~ 
dieter,  vaincu  que  je  suis  par  la  maladie,  en  voua  fitisant  observer 
que  V0U8  rendriez  service  aux  Colonies  de  la  Grande- Bretagne  en 
r^paudant  la  connaiasance  de  ce  livre,  et  de.s  principes  quo 
j'li-tablis  touchant  la  maladie  des  vers  a  soie.  Beaucoup  de  cet 
colonies  pourraient  cultiver  le  mOrier  avec  sncces,  et  en  jetant 
lea  yeux  sur  mon  ouvrage  vous  voua  convaincrez  aiaement  qu'il 
est  &cile  aujourd'bui,  non-seulement  dVIoigner  la  maladie 
r^gnante,  mais  en  outre  de  donner  aux  r6coltes  de  la  soie  one 
prosp^rite  qu'elles  n'ont  jamais  eue. 

Oriffin  and  Propagation  of  Contagious  Matter.      ■ 

Prior  to  Pasteur,  the  most  diverse  and  contradictoiy 
opinions  were  entertained  us  to  the  contagious  cha- 
racter of  jjebrine ;  some  stoutly  affirmed  it,  others  as 
stoutly  denied  it.  But  on  one  point  all  were  agreed. 
'  They  believed  in  the  existence  of  a  deleterious  medium, 
rendered  epidemic  by  some  occult  and  mysterious 
influence,  to  which  was  attributed  the  cause  of.  the 
disease.'  Those  acquainted  with  our  medical  literature 
will  not  fail  to  observe  an  instructive  analogy  here. 
We  have  on  the  one  side  accomplished  writers  ascribing 
epidemic  diseases  to  'deleterious  media'  which  arise 
spontaneously  in  crowded  hospitals  and  ill-smelling 
drains.  According  to  them,  the  mattei'  of  epidemic 
disease  is  formed  de  novo  in  a  putrescent  atmosphere 
On  the  other  side  we  have  writers,  clear,  vigorous, 
well-defined  ideas  and  methods  of  research,  contondifl 
that  the  matter  which  produces  epidemic  disease  coi 
always  from  a  parent  stock.  It  behaves  as  germii 
matter,  and  they  do  not  hesitate  to  regard  it  as  sue 
They  no  more  believe  in  the  spontaneous  generation 
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ich  diseases,  than  they  do  in  the  spontaneous  generation 
of  mice.  Pasteui-,  for  example,  found  that  pebrine  had  been 
known  for  an  indefinite  time  as  a  disease  amon^  silk- 
worms. The  development  of  it  which  be  combated  was 
merely  the  expansion  of  an  already  existing  power — the 
biirsting  into  open  conflagration  of  a  previously  smoul- 
dering fire.     There  is  nothing  surprising  in   this.     For 

ough  epidemic  disease  requires  a  special  contagium  to 
reduce  it,  surrounding  conditions  must  have  a  potent 
inriiience  on  its  development.  Common  seeds  may  be 
duly  sown,  but  the  conditions  of  temperature  and  moistiu-e 
may  be  such  as  to  restrict,  or  altogether  prevent,  the 
subsequent  growth.  Looked  at,  therefore,  from  the  point 
of  view  of  the  germ  theory,  the  exceptional  energy  which 
epidemic  disease  from  time  to  time  exhibits,  is  in  har- 
mony with  the  method  of  Nature.  We  sometimes  hear 
diphtheria  spoken  of  as  if  it  were  a  new  disease  of  the 
last  twenty  years ;  but  Mr.  Simon  tella  me  that  aboHt 
three  centuries  ago  tremendous  epidemics  of  it  began  to 
ra^  in  Spain  (where  it  was  named  Ganvtillo).,  and  soon 
afterwards  in  Italy  ;  and  that  since  that  time  the  disease  has 
been  well  known  to  all  successive  generations  of  doctors. 
In  or  about  1758,  for  instance.  Dr.  Starr,  of  Liskeard,  in 
A  communication  to  the  Royal  Society,  particularly 
described  the  disease,  with  all  the  characters  which  have 
recently  again  become  familar,  but  under  the  name  of 
morbus  alraiigulatorius,  as  then  severely  epidemic  in 
Cornwall.  This  fact  is  the  more  interesting,  as  diph- 
theria, in  its  more  modern  reappearance,  again  showed 
predilection  for  that  remote  county.  Many  also  believe 
that  the  Black  Death,  of  five  centuries  ago,  has  disappeared 
as  mysteriously  as  it  came ;  but  Mr.  Simon  finds  that  it 

believed  to  be  prevalent  at  this  hour  in  some  of  the 

rth-westem  parts  of  India. 
Let  me  here  state  an  item  of  my  own  experience.  WUeu 
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I  was  at  the  Bel  Alp  last  year  the  English  chaplain 
received  letters  informing  hiia  of  the  breaking  out  of 
scarlet-fever  among  his  children.  He  lived,  if  I  remember 
riglitly,  on  the  healthful  eminence  of  Dartmoor,  and  it 
was  difficult  to  imagine  how  scarlet-fever  could  have  been 
wafted  to  the  place.  A  drain  ran  close  to  his  boose,  and 
on  it  his  suspicions  were  manifestly  fixed.  Some  of  onr 
medical  writers  would  fortify  him  in  this  notion,  and  thus 
deflect  him  from  the  truth,  while  those  of  another  sdioal 
would  deny  to  a  drain,  however  foul,  the  power  of 
ducing  a  specific  disease.  After  close  enquiry  he 
lected  that  a  hobby-horse  had  been  used  both  by  his 
and  another  who,  a  short  time  previously,  had  pinfd 
through  scark't-fever. 

Drains  and  cesspools,  indeed,  are  by  no  means  in  sndi 
evil  odour  as  they  used  to  be.  A  fetid  Thames  and  a  low 
death-rate  occur  from  time  to  time  together  in  Lend 
F'or,  if  the  special  matter  or  germs  of  epidemic  diso 
be  not  present,  a  corrupt  atmosphere,  however  obnoxi 
otherwise,  will  not  produce  the  disorder.  But,  if 
germs  be  present,  defective  drains  and  cesspools  becoi 
the  potent  distributors  of  disease  and  death.  Corrupl 
air  may  promote  an  epidemic,  but  cannot  produce  it.  On 
the  other  band,  through  the  transport  of  the  special  ge 
or  virus,  disease  may  develup  itself  in  regions  where  t 
drainage  is  good  and  the  atmosphere  pure. 

If  you  see  a  new  thistle  growing  in  your  field  you  f( 
sure  that  its  seed  has  been  wafted  thither.     Just  as  sim 
does  it  seem  that  thq  contagious  matter  of  epidemic  di 
eaae  has  been  transplanted  to  the  jtlace  where  it  ne' 
appears.     With  a  clearness  and  conclusiveness  not  to 
surpassed.   Dr.  William  Budd  has  traced  such    disei 
from  place  to  place ;  showing  how  they  plant  themselvi 
at    distinct    foci,   among   populations    subjected    to 
same  atmospheric  induences,  just  as  gi-ains  of  com  migi 
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be  carried  in  the  pocket  and  sown.     Hildebrand,  to  whose 

remarkable  work,  '  Du  Typhus  contagieux,'  Dr.  de  Mussy 

has  directetl    my  attention,  gives  the  following  striking 

case,  both  of  the  durability  and  the  transport  of  the  virus 

of  scarlatina  :  '  Un  habit  noir  que  j'avais  en  visitant  une 

tnalade  attaquee  de  scarlatine,  et  que  je  portai  de  Vienne 

on  Podolie,  sans  I'avoir  mis  depuia  plus  d'un  an  et  domi, 

me  oommuniqua,  d^  que  je  fus  arrive,  oette  maladie  con- 

tagieuse,  que  je  repandis  eiisuite  dans  cette  province,  oil 

die  ^tait  jusqu'alors  presque  incounue.'     Some  years  ago 

Dr.  de  Mussy  himself  was  summoned  to  a  country  house 

in  Surrey,  to  see  a  yoimg  lady  who  was  suffering  from  a 

dropsy,   evidently   the   consequence    of  scarlatina.     The 

j    original  disease,  being  of  a  very  mild  character,  had  been 

quite  overlooked  ;  but  circumstances  were  recorded  which 

could  leave   no  doubt  upon  the  mind  as  to  the  nature 

^and  ciiuae  of  the  complaint.     But  then  the  question  arose, 

^■ow  did  the  young  lady  catch  the  scarlatina  ?     She  had 

^^corae  there  on  a  visit  two  months  previously,  and  it  was 

only  after  she  had  been  a  month  in  the  house  that  she 

was  taken  ill.     The  housekeeper  at  length  cleared  up  the 

mystery.     The  young  lady,  on  her  arrival,  had  expressed  a 

wish  to  occupy  a  room  in  an  isolated  tower.     Her  desire 

was  granted ;  and  in  that  room,  six  months  previously,  a 

visitor  had  been  confined  with  an  attack  of  scarlatina. 

The   room   had   been   swept   and  whitewashed,  but  the 

'    carpets  had  been  permitted  to  remain. 

Thousands  of  cases  could  probably  be  cited  in  which 
the  disease  has  shown  itself  in  this  mysterious  way,  but 
where  a  strict  examinat  ion  has  revealed  its  true  parentage 
and  extraction.  Is  it,  tlien,  philosophical  to  take  refuge 
^Bp  the  fortuitous  concourse  of  atoms  as  a  cause  of  specific 
^^isease,  merely  becaiise  in  special  cases  the  parentage 
may  be  indistinct  ?  Those  best  acquainted  with  atomic 
n  ature,  and  who  are  most  ready  to  admit,  aa  iegaid%  eNew 


J. -ju^iu  ui  xruiessor  ijister 

founded.  As  already  stated,  the  gern 
faction  was  started  by  Schwann ;  but  tl 
this  theory  adduced  by  Professor  Lister 

moment  as  not  only  to  justify,  but  t-o  r 
their  introduction  here. 

Schwaan'a  observations  (says  Professor  Li 
tlie  attention  which  they  appeart'd  to  me  to  h 
fenucntatiou  of  sugar  was  geut;rally  allowed  b 
the  toruta  ctremsiw ;  bat  it  was  not  admit tei 
■WBB  due  to  an  analogous  agency.     And  yet  th 
o  very  striking  poruUel.     In  each  a  stable  cl 
sugar  in  the  one  cave,  albumen  in  the  other 
ordinary  chemical  changes  under  the  intiuenoe 
minute  quantity  of  a  substaace  which,  r^ard 
should  suppose  inert.     As  an  exawple  of  tl 
putrefaction,  let  u»  take  a  circumstance  oftei 
treatment  of  large  chronic  abscesses.    Xn  order 
Itbe  ttCceFs  of  atmospheric  air,  we  used  to  draw 
means  of  a,  canula  and  trocjvr,  such  as  you  see 
ABtlfeT  tube  with  n  sluirp-pointcd  steel  rod 
projecting  beyond  it.     Tlw  instrument,  dipped 
into  the  cavity  of  the  abscess,  the  tTnrtu-  '■»•"■  ■" 
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Kcurity  of  immunity  from  bad  consequences.  Ilowever  care- 
fully the  procedure  was  conducted,  it  sometimes  li.nppened,  evea 
though  the  puncture  seemed  healing  by  first  intention,  that 
erish  symptoms  declared  themselves  in  the  course  of  the  first 
Eccond  day,  and,  on  inspecting  the  seat  of  the  abscess,  the 
skin  was  perhaps  seen  to  be  red,  implying  the  presence  of  some 
cause  of  irritation,  while  a  rapid  reaccuniulation  of  the  fluid  ■waff 
found  to  have  occurred.  Under  these  circumstances,  it  became 
necesBary  to  open  the  abscess  by  free  incision,  when  a  quantity, 
hrgo  in  proportion  to  the  size  of  the  abscess,  say,  for  example,  a 
qtaut,  of  pus  escaped,  fetid  from  putrefaction.  Now,  how  had 
thifl  change  been  brought  about  ?  Without  the  germ  theory,  I 
venture  to  say,  no  rational  explanation  of  it  could  have  been 
given.  It  mu.<(t  have  been  caused  by  tlie  introduction  of  some- 
tliing  from  without.  Inflammation  of  the  punctured  wound, 
even  supposing  it  to  have  occurred,  would  not  explain  the  pheno- 
menon. For  mere  inflammation,  whether  acute  or  chronic, 
though  it  oceasions  the  formation  of  pus,  does  not  induce  putre- 
ftcdon.  The  pus  originally  evacuated  was  perfectly  sweet,  and 
we  know  of  nothing  to  account  for  the  alteration  in  its  quality 
but  the  influence  of  something  derived  from  the  external  world. 
And  what  could  that  something  be  7  The  dipping  of  the  instru- 
ment in  oil,  and  the  subsequent  precautions,  prevented  the  en- 
trance of  oxygen.  Or  even  if  you  allowed  that  a  few  atoms  of 
the  ga-s  did  enter,  it  would  bo  an  extraordinary  assiunption  to 
make  that  these  could  in  so  short  a  time  eifect  such  changes  in 
no  large  a  mass  of  albuminous  material.  Besides,  the  pyogenic 
membrane  is  abundantly  supplied  with  capillary  vessels,  through 
whicli  arterial  lilood,  rich  in  oxygen,  is  perpetually  flowing ;  and 

I  tb«re  can  be  little  doubt  that  the  pus,  before  it  was  evacuated  at 
all,  was  liable  to  any  action  which  the  element  might  be  disposed 
to  exert  upon  it. 

On  ihc  oxygen  theory,  then,  the  occurrence  of  putrefaction 
under  these  circumstances  is  quite  inexplicable.  But  if  you 
adroit  the  germ  theory,  the  difliculty  vanishes  at  once.  The 
csnula  and  trocar  having  been  lying  exposed  to  the  air,  dust 
■will  have  been  deposited  upon  them,  and  wiil  be  present  in  the 
angle  between  the  trocar  ond  the  silver  tube,  and  in  th.it  pro- 
tected situation  will  fail  to  be  wijxid  off  when  the  instrument  is 

I    thrust  through  tie  tjasucs.     Then  when  the  trocar  ia  \5\\ivdia,ViU, 
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some  portions  of  this  dust  will  naturally  remain  upon  the  msrgia 
of  the  canula,  which  is  left  projecting  into  the  abaceag, 
nothing  is  more  likely  than  that  some  particles  may  fail  to 
washed  off  by  the  stream  of  out-flowing  pus,  but  may  be  di« 
lodged  when  the  tube  is  taken  out,  and  left  behind  in  the  carity. 
The  germ  theory  tells  us  that  these  particles  of  dust  will 
pretty  sure  to  contain  the  germs  of  putrefactive  organisms, : 
if  one  such  is  left  in  the  albuminous  liquid,  it  will  rapidly  develop 
at  the  high  temperature  of  the  body,  and  account  for  all  the 
phenomena. 

But  striking  as  is  the  parallel  between  putrefaction  in  ill 
instance  and  the  vinous  fermentation,  as  regards  the  greatness  of 
the  effect  produced,  compared  with  the  minuteness  and  the  ine 
BOSS,  chemically  Bpeaking,  of  the  cause,  you  will  naturally  de 
fmrther  evidence  of  the  similarity  of  the  two  processes.  You  ( 
see  with  the  microscope  the  torula  of  fermenting  must  or  beer. 
Is  there,  you  may  ask,  any  organism  to  be  detected  iu  the  putre- 
fying pus  ?  Yes,  gentlemen,  there  is.  If  any  drop  of  tlie  putrid 
matter  is  examined  with  a  good  glass,  it  is  foimd  to  be  tecmin 
with  myriads  of  minute  jointed  bodies,  called  vibrios,  whic 
indubitably  jjroclaim  their  vitality  by  the  energy  of  their  move- 
ments. It  is  not  an  affair  of  probability,  but  a  fact,  that  thi 
entire  mass  of  tliat  quart  of  pus  has  become  peopled  with  Kt 
L  organisms  as  the  result  of  the  introduction  of  the  canula 
•trocar ;  for  the  matter  £rst  let  out  was  as  free  from  vibrios 
was  from  putrefiiction.  If  this  bo  so,  the  greatness  of  the  chemical 
changes  tliat  have  taken  place  in  the  pus  ceases  to  be  surpr 
I  We  know  that  it  is  one  of  the  chief  peculiarities  of  living  : 
tures  that  they  possess  extraordinary  powers  of  effecting  chemic 
changes  in  materials  in  their  vicinity,  out  of  all  proportion 
their  energy  as  mere  chemical  compounds.  And  we  can  hardly 
doubt  that  the  animalcules  which  have  been  developed  in  the 
albuminous  liquid,  and  have  grown  at  its  expense,  must  have 
altered  its  constitution,  just  as  we  ourselves  alter  that  of  the 
materials  on  which  we  feed.' 

In  the  operations  of  Professor  Lister  care  is  taken 
that  every  portion  of  tissue  laid  bare  by  the  knife  sba^H 
be   defended   from   germs;   that  if  they  fall   upon   the 

>  '  Introdoctory  Lecture  before  tlio  Unirersitj  of  EdiDbnrgb.' 
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?ound  they  shall  Vie  killed  as  they  fall.     With  this  in 
view  he  showers  upon  his  exposed  surfaces  the  spray  of 
diluted  carbolic  acid,  which  is  particularly  deadly  to  the 
germs,  and  he  surrounds  the  wound  in  the  most  careful 
manner  with  antiseptic  bandages.     To  those  accuatomed 
to  strict  experiment  it  is  mauifest  that  we   have  a  strict 
experimenter  here — a  man  with  a  perfectly  distinct  object 
in  view,  which  he  pursues  with  never-tiring  patience  and 
unwavering    faith.       And    the    result,    in    his    hospital 
practice,  as  described  by   himself,  has  been,  that  even  in 
le  midst  of  abominations  too  shocking  to  be  mentioned 
lere,   and  in  the  neighbourhood  of  wards  where  death 
rampant  from  pyaemia,  erysipelas,  and  hospital  gan- 
le,  he  was  able  to  keep  his  patients  absolutely  free 
om   these  terrible  scourges.     Let  me  here  recommend 
your     attention     Professor     Lister's     '  Introductory 
Lecture  before  the  University  of  Edinburgh,'  which  I  have 
already  quoted  ;  his  paper  on  '  The  Effect  of  the  Anti- 
septic System  of  Treatment  on  the  Salubrity  of  a  Surgical 
Hospital ; '  and  the  article  in  the '  British  Medical  Journal ' 
of  January  14,  1871. 
^K       If,  instead  of  using  carbolic  acid  spray,  he  could  sur- 
^vound  his  wounds  with  properly  filtered  air,  the  result 
^■would,  he  contends,  be  the  same.     In  a  room  where  the 
^K[erms  not  only  float  but  cling  to  clothes  and  walls,  this 
^Brould   be   difficult,   if  not   impossible.     But   surgery  is 
^Bkcquainted  with  a  class  of  wounds  in  which  the  blood  is 
freely  mixed  with  air  that  has  passed  through  the  lungs, 
and  it  is  a  most  remarkable  fact  that  such  air  does  not 
^^)roduce  putrefaction.     Professor  Lister,  as  far  as  I  know, 
^■iras  the  first  to  give  a  philosophical  interpretation  of  this 
^■^t,  which  he  describes  and  comments  upon  thus : 

I  have  explained  to  my  own  minJ  the  remarkable  fact  that 
in  simple  fracture  of  the  ribs,  if  tlie  lung  be  punctured  by  a 
fngjaunt,  the  blood   e£Fused  into  the  pleural    cavity,  t!^ovL^ 


freely  mixed  with  air,  undergoes  no  dficomposition.  The  air  is 
sometimes  pumped  into  the  pleural  cavity  in  such  abundance 
that,  making  its  way  through  the  wound  in  the  pleura  costalis,  it 
inflates  thb  cellular  tissue  of  the  whole  body.  Yet  this  occa^ons 
no  alarm  to  the  surgeon  (although  if  the  blood  in  the  pleural 
were  to  putrefy,  it  would  infuUibly  occasion  dangerous  snppu*  j 
rative  pleurisy).  Why  air  introduced  into  the  pleural  carir 
through  a  wounded  lung,  sliould  have  such  wholly  different 
effects  from  tliat  entering  directly  through  a  wound  in  the  chest,  _ 
was  to  me  a  complete  mystery  until  I  heard  of  the  germ  theor^fl 
of  putrefaction,  when  it  at  once  occurred  to  me  that  it  was  only 
mitural  that  air  should  be  filtered  of  germs  by  the  air-passiiges, 
one  of  whose  offices  is  to  arrest  inhaled  particles  of  dust,  and  pre- 
vent them  from  entering  the  air-cells. 
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I  shall  have  occasion  to  refer  to  this  remarkable  hypothesis 
farther  on. 

The  advocates  of  the  germ  theory,  both  of  piitrefactioBi 
aod  epidemic  diaeaee,  hold  that  both  arise,  not  firom  the 
air,  but  from  something  contained  in  the  air.  They  hold, 
moreover,  that  this  '  something '  is  not  a  vapour  nor  a 
gas,  nor  indeed  a  molecule  of  any  kind,  but  a  partlcUA 
The  term  'pai"ticulate'  has  been  used  in  the  Reports  of 
the  Medical  Department  of  the  Privy  Council  to  describe^ 
this  supposed  constitution  of  contagious  matter ;  and  Dr. 
Sanderson's  experiments  render  it  in  the  highest  degregfl 
probable,  if  they  do  not  actually  demonstrate,  that  the 
virus  of  smatl-pox  ia  '  particulate.'  Definite  knowledge 
upon  this  point  is  of  exceeding  importance,  because  in 
the  treatment  of  pdrticles  methods  are  available  which 
it  would  be  futile  to  apply  to  molecules.  ^_ 


'  As  re<2»rd8  kiie,  there  is  probiiWy  no  sharp  line  of  division  betTPe«n 
molecules  and  pnrti<-les  ;  the  one  gmdunlly  shades  into  the  other.     But  the 
distinL'tion  that  I  woiiM  draw  is  this:  the  atom  or  the  moleoule,  if  free,  i 
always  part  of  a  gns,  the  particle  is  never  so.     A  particle  is  n  bit  of  liquii 
or  solid  matter,  formed  by  the  aggregation  of  atoms  or  molecules. 
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Application  of  Luminovs  Beams  to  these  Reaearchea. 

My  own  interference  with  tliis  great  question,  while 
ctioned  by  eminent  nameB,  has  been  also  an  object  of 
varied  and  ingenious  attack.  On  this  point  I  will  only 
say  that  when  angry  feeling  escapes  from  behind  the 
intellect,  where  it  may  be  useful  as  an  urging  force,  and 
places  itself  athwart  the  intellect,  it  is  liable  to  produce 
all  manner  of  delusions.  Thus  my  censors,  for  the  most 
part,  have  levelled  their  remarks  against  positions  which 
were  never  assumed,  and  against  claims  which  were  never 
made.  The  simple  history  of  the  matter  i^  this  :  During 
[the  autumn  of  1868  I  was  much  occupied  with  the  obser- 
tions   referred  to  at  the  beginning  of  this  discourse. 

or  fifteen  years  it  bad  been  my  habit  to  make  rae  of 
floating  dust  to  reveal  the  paths  of  luminous  beams 
through  the  air ;  but  until  1 868  I  did  not  intentionally 
reverse  the  process,  and  employ  a  luminous  beam  to  reveal 
and  examine  the  dust.  In  a  paper  presented  to  the  Royal 
ciety  in  Decemljer,  1869,  the  obser^'ations  which  in- 

uced  me  to  give  more  special  attention  to  the  question 
of  gpontaneoJiB  generation,  and  the  germ  theory  of  epi- 
demic disease,  are  thus  described: 


I 


The  Floating  Matter  of  the  Air, 


I 


Prior  to  the  diecovery  of  the  foregoing  action  (the  chemical 
action  of  light  upon  vapours,  Fragment  IV.),  and  also  during 
ihe  experiments  just  referred  to,  the  nature  of  my  work  compelled 
me  to  aim  at  obtaining  experimental  tubes  absolutely  clean  upon 

le  Mirface,  and  ahsohui-ly  free  within  from  suspended  matter. 

either  condition  is,  however,  easily  attained. 
For  however  well  the  tubes  might  be  washed  and  pohshed, 
and  however  bright  and  pure  they  might  appear  in  ordinary 

uylight,  the  electric  beam  infallibly  revealed  signs  and  tokens 
of  dirt.     The  air  was  always  present,  and  it  was  sai«  \o  d«\)OB.\ 


■ 
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gome  impurity.  All  chemical  processes,  not  conducted  in  n 
vacuum,  are  opon  to  thiH  distarbonce.  When  the  earperimentU 
tube  was  exhausted,  it  eshibited  no  trace  of  flualing  matter,  but 
on  admitting  ttit-  air  through  the  U-tuheB  (contaioing  caustio 
pota»^h  and  sulphuric  acid),  a  duM-eone  more  or  leaa  distinct  wm 
always  revealed  by  the  powerfully  coodeinsed  electric  beam. 

The  floating  motca  resembled  minme  particles  of  liquid 
which  had  been  carr'    '  •      •     .■     (j^,ia  tljg  U-tubea  into  tlit 

experimental  tube,  (  therefore  t/iken  to  prevent 

any  such   transfer.     '.  little  or  no  mitigation,     I 

did  not  imagine,  at  t1  B  dost  of  the  external  air 

could  find  such   free  h    the  caustic    potash  oad 

sulphuric  acid.     This  lie  case  5  the  mutes  really 

came  from  without.  d  with  freedom  through  * 

variety  of  ethers  and  bet,  it  requires   long-oon- 

tinued  action  on  the  ]  first  to  v?et  the  motes  and 

afterwards  to  destroy  ttiem,  ij_t  loici.illy  p[i.9sing  the  air  through 
the  flame  of  a  spirit-lamp,  or  through  a  platinum  tube  heated  to 
bright  rcdncs",  the  floating  matter  was  sensibly  destroyed.  It 
was  therefore  combustible,  in  other  words,  onjanic,  matter.  I 
tried  to  intercept  it  by  a  large  respirator  of  cotton-wool.  Close 
pressure  was  necessary  to  render  the  wool  effective.  A  plug  of 
the  wocil,  rammed  pretty  tightly  into  the  tube  through  which  the 
air  ji.'issed,  was  finally  found  competent  to  hold  back  the  motes. 
They  appeared  Irom  time  to  time  aflerwards,  and  gave  me  much 
trouble  ;  but  they  were  invariably  traced  in  the  end  to  some 
defect  in  the  purifying  apparatus — to  some  crack  or  flaw  in  the 
sealing-wax  employed  to  render  the  tubes  ■  air-tight.  Thus 
through  proper  care,  but  not  without  a  great  deal  of  searching 
out  of  disturbances,  the  experimental  tube,  even  wlien  filled 
with  air  or  vapour,  contains  nothing  competent  to  scatter  the 
liLxht.  The  space  within  it  has  the  aspect  of  an  absolute 
vacuum. 

An  experimental  tube  in  this  condition  I  call  optically 
empti/ . 

The  simple  apparatus  employed  in  these  experiments  will  be 
at  once  imderstood  by  reference  to  the  figure  on  page  154.  S  S' 
is  the  glass  cxperimentid  tube,  which  has  varied  in  length  from 
1  to  5  feet,  and  which  may  be  from  2  to  3  inches  in  diameter. 
From  the  end  S,  the  pipe  p  p'  passes  to  an  air-pump.    Connected 
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with  the  other  end  S'  we  have  the  flask  F,  containing  the  liquid 
whose  vapour  is  to  be  examined  ;  then  follows  a  U-tube,  T, 
filled  with  fhignients  of  clean  glass,  wetted  \Yith  sulphuric  acid  ; 
then  a  second  U-tube,  T',  containing  trngments  of  marble,  wettpd 
witii  caustic  potash  ;  and  finally  a  narrow  straight  tube  t  (',  con- 
taining a  tolerably  tightly  fitting  plug  of  cotton-wool.  To  save 
tiie  air-pUQip  gauge  from  the  attack  of  such  vapours  as  act  on 
mercur}',  as  also  to  facilitate  observation,  a  separate  barometer 
Itjbe  was  employed. 

Through  the  cork  which  stops  the  flask  F  two  gla.s8  tubes, 
a  and  b,  pass  air-tight.  The  tube  a  ends  immediately  undor  the 
oork  ;  the  tube  li,  on  the  contrary,  descends  to  tlie  bottom  of  the 
fladc  and  dips  into  the  liquid.  The  I'nd  of  (lie  tube  b  is  drawn 
out  BO  as  to  render  very  small  the  orifice  through  which  tJie  air 
escapes  into  the  liquid. 

The  experimental  tube  S  S'  being  exhausted,  a  cock  at  the 
end   S'  is  turned  carefully  on.     The  air   pauses  slowly  tlirough 

I  the  cotton-wool,  the  caustic  potash,  and  the  sulphuric  acid  in 
succession.  Thus  purified,  it  enters  the  flask  F  and  bubbles 
through  the  liquid.  Charged  with  vapour,  it  finally  passes  into 
the  experimental  tube,  where  it  is  submitted  to  examination. 
The  electric  lamp  L  placed  at  the  end  of  the  experimental  tube 

^>  furoiabcs  the  necessary  beam. 

r  The  facts  here  forced  upon  my  attention  had  a  bearing 

too  evident  to  be  overlooked.  Tiie  inability  of  air  which 
had  been  filtered  through  cotton-wool  to  generate  animal- 
cular  life,  had  been  demonstrated  by  Sehroeder  and 
Pasteur :  here,  the  cause  of  its  impotence  was  rendered 
evident  to  the  eye.  The  experiment  proved  that  no 
isible  amount  of  light  was  scattered  by  the  moleeuiea 
of  the  air;  that  the  scattered  light  always  arose  from  sus- 
pended particles  ;  and  the  fact  tliat  the  removal  of  these 
abolished  simultaneously  the  power  of  scattering  light 
and  of  originating  life,  obviously  detached  the  life-origi- 
nating power  from  the  air,  and  fixed  it  on  something  sus- 
pended in  the  air.  Gases  of  all  kinds  passed  witli  freedom 
through  the  plug  of  cotton-wool ;  hence  the  thing  \NViose 


I     evi( 
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loval  by  the  cotton-wool  rendered  the  gas  impotent, 
could  not  itself  have  been  matter  in  the  gaseouR  condition. 
It  at  once  occurred  to  me  that  the  retina,  protected  as  it 
was,  in  these  experiments,  from  all  extraneous  light, 
might  be  converted  into  a  new  and  powerful  instrument 
of  demonstration  in  relation  to  the  germ  theory. 

But  the  observations  also  revealed  the  danger  incurred 

in  experiments  of  this  nature  ;  showing  that  without  an 

amount  of  care  far  beyond  that  hitherto   Ix-stowed  upmn 

them,  such  experiments  left  the  door  open  to  errors  of 

the  gravest  description.     It  was  especially  manifest  that 

chemical  method  employed  by  Schultz  in  his  experi- 

Brnts,  and  so  often  resorted  to  since,  might  lead  to  the 

most    erroneous    consequences ;    that   neither    acids  nor 

lalies  had  the  power  of  rapid  destruction  hitherto  as- 

kabed  to  them.     In  short,  the  emplojTnent  of  the  lumin- 

l>eam  rendered  evident  the  cause  of  sneces6  in  esperi- 

pnts  rigidly  conducted  like  those  of  Pasteur  ;  while  it 

^ade  equally  evident  the  certainty  of  failure  in   experi- 

rits  lees  severely  and  less  skilfully  carried  out. 
Dr.  Bennett's  Experiments. 
But  I  do  not  wish  to  leave  an  assertion  of  this  kind 
I  without  illustration.  Take,  then,  the  well-conceived 
^fcperiments  of  Dr.  Hughes  Bennett,  described  before  the 
^Hmgil  Society  of  Surgeons  in  Edinburgh  on  January  17, 
I^^IrL'  Into  flasks  containing  decoctions  of  liquorice-root, 
'  hay,  or  tea.  Dr.  Bennett,  by  an  ingenious  method,  forced 
The  air  was  driven  through  two  U-tubes,  the  one 
itaining  a  solution  of  caustic  potash,  the  other  sulphuric 
id.  '  All  the  bent  tubes  were  filled  with  fragments  of 
ice-stone  to  break  up  the  air,  so  as  t«  prevent  the 
Dssibility  of  any  germs  passing  through  in  the  sentre  of 
bubbles.'  The  air  also  passed  through  a  Liebig's  bulb 
>  •  British  Mnlicnl  Journal,'  13,  pt.  ii.  1866. 
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containing  sulphuric  acid,  and  also  through  a  bulb  co! 
taining  gun-cotton. 

It  was  only  natural  for  Dr.  Bennett  to  believe  that  his 
'  bent  tubes '  entirely  cut  oflF  the  germs.  Previous  to  t 
observations  just  referred  to,  I  also  believed  in  thi 
efficacy.  But  these  observations  destroy  any  such  notioi 
The  gun-cotton,  moreover,  will  fail  to  arrest  the  whole 
the  floating  matter  unless  it  is  tightly  packed,  and  th 
is  no  indication  in  Dr.  Bennett's  memoir  that  it  was 
packed.  On  the  whole,  I  should  infer,  from  the  uwre 
inspection  of  Dr.  Bennett's  apparatus,  the  very  results 
which  he  has  described — a  retardation  of  the  develop- 
ment of  life,  a  total  absence  of  it  in  some  cases,  and  ifai 
presence  in  others. 

In  his  first  series  of  experiments,  eight  flasks  were  fed 
•with  his  sifted  air,  and  five  with  common  air.  In  ttjn 
twelve  days  all  the  five  had  fungi  iu  them ;  whilst  it  re- 
quired from  four  to  nine  months  to  develop  fungi  in  the 
others.  In  one  of  the  eight,  moreover,  even  after  this 
inter\'al  no  fungi  appeared.  In  a  second  series  of  ex- 
periments there  was  a  similar  exception.  In  a  third 
series  the  cork  stoppers  used  in  the  first  and  second 
series  were  abandoned,  and  glass  stoppers  employ 
Flasks  containing  decoctions  of  tea,  beef,  and  hay  wi 
filled  with  common  air,  and  other  flasks  with  sifted 
In  every  one  of  the  former  fungi  appeared  and  in  not 
one  of  the  latter.  These  experiments  simply  ruin  the 
doctrine  that  Dr.  Bennett  finally  espouses. 

In  all  these  negative  cases,  the  prepared  air  was  fon 
into  the  infusion  when  it  was  boiling  hot.     Dr.  Benn 
made  a  fourth  series  of  experiments,  in  which,  preWous 
forcing  in  the  air,  he  permitted  the  flasks  to  cool.     In! 
four  bottles  thus  treated  he  forced  prepared  air,  and  after 
a  time  found  fungi  in  all  of  them.     What  is  his  conclu- 
sion ?     Not  that  the  boiling  hot  liquid,  employed  iu  hia 
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first  experiment,  had  destroyed  such  germs  as  had  run 
the  gauntlet  of  his  apparatus;  hut  that  air  which,  pre- 
vious to  heing  scaled  up,  had  been  exposed  to  a  tempera- 
ture of  2 1 2°,  is  too  rare  to  sappo^i,  life  !  This  conclusion  is 
so  remarkable  that  it  ought  to  be  stated  in  Dr.  Bennett's 
own  words.  '  It  may  be  easily  conceived  that  air  suli- 
ject«d  to  a  boiling  temperature  is  so  expanded  as  scarcely 
to  merit  the  name  of  air,  and  that  it  is  more  or  less  imfit 
for  the  piupose  of  sustaining  animal  or  vegetable  life.' 

Now  numerical  dativ  are  attainable  here,  and  as  a 
matter  of  fact  I  live  and  flourish  for  a  considerable  por- 
tion of  each  year  in  a  medium  of  less  density  than  that 
which  Dr.  Bennett  describes  as  scarcely  meriting  the  name 
of  air.  The  inhabitants'  of  the  higher  Alpine  chalets,  with 
their  flocks  and  herds,  and  the  grasses  which  support  these, 
do  the  same ;  while  the  chamois  rears  its  kids  in  air  rarer 
still.  Insect  life,  moreover,  is  sometimes  exliibited  with 
monstrous  prodigality  at  Alpine  heights. 

In  a  fifth  series  of  experiments  sixteen  bottles  were 
filled  with  infusions.  Into  four  of  them,  while  cold,  or- 
dinary unhe.ited  and  unsiited  air  was  pumped.  In  these 
four  bottles  fungi  were  developed.  Into  four  other  bottles, 
containing  a  boiling  infusion,  ordinarj'  air  was  also  piunped 
— no  fimgi  were  here  developed.  Into  four  other  bottles 
containing  an  infusion  which  had  been  boiled  and  per- 
itted  to  cool,  sifted  air  was  pumped — no  fungi  were 
leveloped.  Finally,  into  foiu-  bottles  containing  a  boiling 
infusion  sifted  air  was  pumped — no  fimgi  were  developed. 
Only,  therefore,  in  the  four  cases  where  the  infusions  were 
cold  infusions,  and  the  air  ordinary  air,  did  fiuigi  appear. 

Dr.  Bennett  does  not  draw  from  his  experiments  the 
conclusion  to  which  they  so  obviously  point.  On  them, 
on  the  contrary,  he  founds  a  defence  of  the  doctrine  of 
spontaneous  generation,  and  a  general  theory  of  sponta- 
neoos  development.    So  strongly  was  he  impiesge^i  \i'\\}tt 
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the  idea  that  the  grams  coald  not  poesiMj  {MSB  tfiroQgh 
hi?  potash  ami  -iTilphuric  acid  tubes,  that  the  appearance 
of  fungi,  even  in  a  sm&ll  minority  of  cases,  where  the  air 
had  l)eon  sent  throogh  these  tubes,  was  to  him  conclusive 
evidence  of  the  qmntaneoas  ori^n  of  such  fiingi.  And 
he  accounts  for  the  aheeace  of  life  in  many  of  his  experi- 
ments by  an  hj-pot'  ill  not  bear  a  moment'* 
examination.  But,  k  organic  particles  may 
pass  unscathed  thiv  ttd  ockls,  the  result*  of 
Dr.  Bennett  are  p:  Migbi  under  the  circtim- 
stances  to  be  eipe  their  barmoiiy  with  tie 
conditions  now  re*  roof  of  the  honesty  and 
accuracy  with  whic                         SBCvited. 

The  caution  e:  asteur  both  in  the  exe- 

cution of  bis  fxperiments,  and  in  the  reasoning  based 
upon  them,  is  perfectly  evident  to  those  who,  through  the 
practice  of  severe  experimental  enquiry,  have  rendered 
themselves  competent  to  judge  of  good  experimental  work. 
He  found  germs  in  the  mercury  used  to  isolate  his  air. 
He  was  never  sure  that  they  did  not  cling  to  the  instni- 
ments  he  employed,  or  to  his  own  person.  Thus  when  he 
opened  his  hermetically  sealed  flasks  upon  the  Mer  de 
Glace,  he  liad  his  eye  upon  the  file  used  to  detach  the 
drawn-out  necks  of  his  bottles  ;  and  he  was  careful  to  stand 
to  leeward  when  each  flask  was  opened.  Using  these  precau- 
tions, he  found  the  glacier  air  incompetent,  in  nineteen 
cases  out  of  twenty,  to  generate  life ;  while  similar  flasks, 
opcnied  amid  the  vegetation  of  the  lowlands,  were  soon 
cr#!(wded  with  living  things.  M.  Pouchet  repeated  Pas- 
teur's experiments  in  the  Pyrenees,  adopting  the  precau- 
tion of  holding  his  flasks  above  his  head,  and  obtaining 
a  dififerent  result.  Xow  great  care  would  be  needed  to 
render  this  ])roccdure  a  real  precaution.  The  luminous 
b(!am  at  once  shows  lis  its  possible  effect.  Let  smoking 
bruwn  paper  be  placed  at  the  o^n  mouth  of  a  glass 
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■piado,  8o  that  the  smoke  shall  ascend  aud  fill  the  shade. 
A  Ik'Udj  sent  tlirough  the  shade  forms  a  bright  track 
through  the  smoke.  When  the  closed  fist  is  placed  under- 
neath the  shade,  a  vertical  wind  of  surprising  violence, 
considering  the  small  elevation  of  temperature,  rises  from 
the  hand,  displacing  by  comparatively  daik  air  the  illumi- 
aated  smoke.     Unless  special  care  were  taken  sudi  a  wind 

uld  rise  from  M.  Pouchet's  body  as  he  held  his  flaiiks 
ve  his  head,  and  tints  the  precaution  of  Pasteur,  of  not 

>ming  between  the  wind  and  the  flask,  would  be  annulled. 

Let  me  now  direct  attention  to  another   result   of 

(asteur,  the  cause  and  significance  of  which  are  at  once 

•'ealed  by  the  luminous  beam.  He  prepared  twenty-one 
each  containing  a  decoction  of  yeast,  filtered  and 
clear.  He  boiled  the  decoction  so  as  to  destroy  what- 
ever germs  it  might  contiiin,  and,  while  the  space  above 
the  liquid  was  tilled  with  pure  steam,  ho  sealed  his  tlaska 
with  a  blow-pipe.  He  opened  ten  of  them  in  the  deep, 
damp  caves  of  the  Paris  Observatory,  and  eleven  of  them 
in  the  courtyard  of  the  establishment.  Of  the  former, 
one  only  showed  signs  of  life  subsequently.  In  nine  out 
of  the  ten  flasks  no  organisms  of  any  kind  were  deve- 
loped.    In  all  the  others  organisms  speedily  app«iared. 

Now  here  is  an  experiment  conducted  iu  Paris,  on 
which  we  can  tJuow  obvious  light  in  London.  Causing 
our  luminous  beam  to  pass  through  a  large  flask  filled  with 
tiie  air  of  this  room,  and  charged  with  its  germs  and  its 
dost,  the  beam  is  seen  crossing  the  flask  from  side  to  side. 
But  here  is  another  similar  flask,  which  cuts  a  clear  gap 
out  of  the  beam.  It  is  filled  with  HnfUtered  air,  and  still 
no  trace  of  the  beam  is  visible.  Why  ?  By  pure  accident 
I  stumbled  on  this  flask  in  ourapparatus  room,  where  it  had 
remained  quiet  for  some  time.  Acting  upon  this  obvioiw 
suggestion  I  set  aside  three  other  flasks,  filled,  in  the  first 
instance,  with  mote-filled  air.     They  are  novi  oiplWA\^ 
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empty.  Our  former  experiments  proved  that  the  life- 
producing  particles  attacli  themselves  to  the  fibres  of 
cotton-wool.  In  the  present  experiment  the  motes  have 
been  brought  by  gentle  air-currents,  established  by  slight 
differences  of  temperatiu-e  within  our  closed  vessels,  into 
contact  with  the  interior  surface,  to  which  tliey  adhere. 
The  air  of  these  flasks  has  deposited  its  dust,  germs  and 
all,  and  is  practically  fi-ee  from  suspended  matter.  ^^ 

I  had  a  chamber  erected,  the  lower  half  of  whicli  i^^ 
of  wood,  its  upper  half  being  enclosed  by  four  glazwi 
window-frames.  It  tapers  to  a  truncated  cone  at  the  top. 
It  measures  in  plan  3  ft.  by  2  ft.  6  in.,  and  its  heigh 
is  5  ft.  10  in.  On  February  6  it  was  closed,  ever 
crevice  that  conld  admit  dust,  or  cause  displacement  of 
the  air,  being  carefully  pasted  over  witii  paper.  The 
electric  beam  at  first  revealed  the  dust  within  the  cham- 
ber as  it  did  in  the  air  of  the  laboratory.  The  chamber 
was  examined  almost  daily  ;  a  perceptible  diminution  o^H 
the  floating  matter  Iwing  noticed  as  time  advanced.  At 
the  end  of  a  week  tlie  chamber  was  optically  empty,  eschi- 
biting  no  trace  of  matter  competent  to  scatter  the  light 
Such  must  have  been  the  case  in  tlie  stagnant  caves  of  the 
Paris  Observatory.  \N'ere  our  electric  beam  sent  through 
the  air  of  these  caves  its  track  would  be  invisible ;  thus 
showing  the  indissoluble  association  of  the  scattering  of 
light  by  air  and  its  power  t-o  generate  life. 

I  will  now  turn  to  what  Beems  to  inc  a  more  interest 
ing  application  of  the  luminous  beam  than  any  hither 
described.  My  reference  to  Professor  liister's  interpretatioj 
of  the  fact,  that  air  which  has  passed  tiirough  the  lung 
cannot  produce  putrefaction,  is  fresh  in  your  memories. 
'  Why  air,'  said  he,  '  introduced  into  the  pleural  cavityi^ 
through  a  wounded  limg,  should  have  sucli  wholly  dififerent^ 
effects  from  that  entering  through   a  permanently  open 
wound,  penetrating  from  without,  was  to  me  a  complete 
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mystery,  till  I  heard  of  the  germ  theory  of  putrefaction, 
when  it  at  once  occurred  to  me  that  it  was  only  natural 
that  the  air  should  be  filtered  of  germs  by  the  air-passages, 
one  of  whose  offices  is  to  arrest  inhalt-d  particles  of  dust, 
and  prevent  them  from  entering  the  air-cells.' 

Here  is  a  surmise  which  bears  the  stamp  of  genius,  but 
which  needs   verification.     If,  for  the  words  '  it  is  only 
natural '  we  were  authorised  to  write  '  it  is  perfectly  cer- 
tain,' the  demonstration  would  be  complete.     Such  de- 
monstration is  furnished  by  experiments  with  a  beam  of 
light.     One  evening,   towards  the  close  of  1869,  while 
pouring  various  pure  gases  across  the  dusty  track  of  a 
luminous  l.ieam,  the  thought  occurred   to  me  of  using  my 
breath  instead  of  the  gases.     I  then  noticed,  for  the  first 
time^  the  extraordinary  darkness  prochued  by  the  expired 
air,  towanla  the  end  of  the  expiration.     Permit  me  to  re- 
peat the  experiment  in  your  presence.    I  fill  my  lungs  with 
ordinary  air  and  breathe  through  a  glass  tul)e  across  the 
beam.     The  condensation  of  the  aqueous  vapour  of  the 
breath  is  shown  by  the  formation  of  a  luminous  white  cloud 
of  delicate  texture.     We  abolish  this  cloud  by  drying  the 
breath  previous  to  its  entering  the  beam ;  or,  still  more 
simply,  by  warming  the  glass  tube.    The  luminous  track  of 
the  beam  is  for  a  time  uninternipted  by  the  breath,  because 
the  dust  returning  from  the  lungs  makes  good,  in  great 
part,  the  particles  displaced.     After  a  time,  however,  an 
obscure  disk  appears  in  the  beam,  the  darkness  of  which 
increases,  until  finally,  towards  the  end  of  the  expiration, 
the  beam  is,  as  it  were,  pierced  by  an  intensely  black 
hole,  in  which  no  particles  whatever  can  be  discerned. 
The  deeper  air  of  the  lungs  is  thus  proved  to  be  absolutely 
free  from  suspended  matter.     It  is  therefore  in  the  precise 
condition    required    by   Professor    Lister's    explanation. 
This  experiment  may  be  repeated  any  number  of  times 
with  the  same  result.     I  think  it  must  be  reguided.  ^a  & 
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crowning  piece  of  evidence  both  of  the  correctnea  of 
Professor  Lister's  views  and  of  the  impotence,  as  regardi 
vital  development,  of  optically  pure  air.* 


Application  of  Luminous  Beams  to  Water, 

The  method  of  examination  here  pursued  is  also  appli- 
cable to  water.     It  is  in  some  sense  complementary  to 
that  of  the  microscope,  and  may,  I  think,  materially  aid 
enquiries  conducted   with   that   instrument.     In  micro- 
scopic examination  attention  is  directed  to  a  small  portion 
of  the  liquid,  and  the  aim  is  to  detect  the  individual 
suspended  particles.      By  the  present  method  a  Im^ 
portion  of  the  liquid  is  illuminated,  its  general  condition 
being   revealed,  by  the   scattered   light.     Care  is  taken 
to  defend  the  eye  from  the  access  of  all  other  light,  and, 
thus  defended,  it  becomes  an  organ  of  inconceivable  deli- 
cacy.    Indeed,  an  amount  of  impurity  so  inRnitesimal  as 
to  be  scarcely  expressible  in  numbers,  and  the  individual 
particles  of  which  are  «o  small  as  wholly  to  elude  the 
microscope,  may,  when  examined  by  the  method  alluded 
to,  produce  not  only  sensible,  but  striking,  efifects  u; 
the  eye. 

We  will  apply  the  method,  in  the  first  place,  to  "an 
experiment  of  M.  Pouchet  intended  to  prove  conclusively 
that  animalcular  life  is  developed  in  cases  where  no  ante- 
cedent germs  could  possibly  exist.  He  produced  water 
from  the  combustion  of  hydrogen  in  air,  justly  arguing 
that  no  germ  could  survive  the  heat  of  a  hydrogen 
flame.  But  he  overlooked  the  fact  that  his  aqueous  vapour 
was  condensed  in  the  air,  and  was  allowed  as  water  to 

'  Dr.  Bunion  Saodenoa  drawn  altontioo  to  the  important  obaomUiaD 
of  Braucll.  vliieh  ahows  that  the  contnginm  of  n  pregriatit  aninml,  ruffisriag 
from  ipleiiie  ferer,  is  not  fonnd  in  the  blorai  of  the  fcefos  ;  the  pUe«atsl 
appuatua  acting  as  a  filter,  and  holding  bock  the  infectiTe  particle*. 
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trickle  through  the  air.  Indeed  the  experiment  is  one  of 
a  number  by  which  workers  like  M.  Pouchet  are  differen- 
tiated from  workers  like  Pasteur.  I  will  show  you  some 
water,  produced  by  allowing  a  hydrogen  flame  to  play 
upon  a  polished  silver  condenser,  formed  by  the  bottom  of 
a  silver  basin,  containing  ice.  The  collected  liquid  is 
pellucid  in  the  common  light;  but  in  the  condensed 
electric  beam  it  is  seen  to  be  laden  with  particles,  so  thick- 
strewn  and  minute  as  to  produce  a  continuous  luminous 
cone.  In  passing  through  the  air  the  water  loaded  itself 
with  this  matter;  and  the  deportment  of  such  water 
could  obviously  have  no  influence  in  deciding  this  great 
question. 

We  are  invaded  with  dirt  not  only  in  the  air  we 
breathe,  but  in  the  water  we  drink.  To  prove  this  I  take 
the  bottle  of  water  intended  to  quench  your  lecturer's 
thirst ;  which,  in  the  track  of  the  beam,  simply  reveals 
itself  as  dirty  water.  And  this  water  is  no  worse  than 
the  other  London  waters.  Thanks  to  the  kindness  of 
Professor  Fraukland,  I  have  been  furnished  with  speci- 
mens of  the  water  of  eight  London  companies.  They  are 
all  laden  with  impurities  mechanically  suspended.  But 
you  will  ask  whether  filtering  will  not  remove  the  sus- 
pended matter?  The  grosser  matter,  undoubtedly,  but 
not  the  more  finely  divided  matter.  Water  may  be 
passed  any  number  of  times  through  bibnlous  paper,  it, 
will  continue  laden  with  fine  matter.  Water  passed! 
through  the  charcoal  filter  of  Lipscomb's,  or  through  the 
filters  of  the  Silicated  Carbon  Company,  has  its  grosser 
matter  removed,  but  it  is  thick  with  fine  matter.  Nine- 
tenths  of  the  light  scattered  by  these  suspended  particles 
is  perfectly  polarised  in  a  direction  at  right  angles  to  the 
beam,  and  this  release  of  the  particles  from  the  ordinary 
law  of  polarisation  is  a  demonstration  of  their  smallness. 
I  should  say  by  &r  the  greater  number  of  the  ^ail\de% 
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r  moteks  air.     But  the  ice  has  preriously  been 
contact  with  mote-fiUed  air ;  it  is  therefore  neeeasaiy 
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■tiinitted  to  melt,  the  bulb  is  filled  and  emptied  aev 
IjBieB,  until  finally  the  large  block  dwindles  to  a 

We  maj  be  sure  that  all  impurity  haa  been  thi 
red  from  the  surface  of  the  ice.     The  water  obtain«d 
■^  this  way  is   the   purest    hitherto   obtained.     Still  I 
he^jiate    to    call    it    absolutely    pure.      Whi 
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condensed  light  is  sent  through  it,  the  track  of  the  beam 
is  not  invisible,  but  of  the  most  ejcqiiisitely  delicate  blue. 
This  blue  is  piu-er  than  that  of  the  sky,  so  that  the  matter 
which  produces  it  must  be  finer  than  that  of  the  sky.  It 
may  be,  and  indeed  has  been,  contended  that  this  blue 
is  scattered  by  the  very  molecules  of  the  water,  and  not  by 
matter  suspended  in  the  water.  But  when  we  remember 
that  this  perfection  of  blue  is  approached  gradually 
through  stages  of  less  perfect  blue ;  and  when  we  con- 
der  that  a  blue  in  aU  respects  similar  is  demonstrably 
btainable  from  particles  mechanically  suspended,  we 
should  hesitate,  I  think,  to  conclude  that  we  have  arrived 
here  at  the  last  stage  of  purification.  The  evidence,  I 
think,  points  distinctly  to  the  conclusion  that  could  we 
push  the  process  of  purification  still  farther,  even  this 
last  delicate  trace  of  blue  would  disappear. 

Chalk-water.     ClarKa  Softening  Pwcess. 

But  is  it  not  possible  to  match  the  water  of  the  Lake 
of  Geneva  here  in  England  ?  Undoubtedly  it  is.  We 
have  in  England  a  kind  of  rock  which  constitutes  at  once 
an  exceedingly  clean  recipient  and  a  natural  filter,  and 
from  which  we  can  obtain  water  extremely  free  from  me- 
chanical impurities.  I  refer  to  the  chalk  formation,  in 
which  large  quantities  of  water  are  held  in  store.  Our 
chalk  hills  are  in  most  cases  covered  with  thin  layers  of 
soil,  and  with  very  scanty  vegetation.  Neither  opposes 
much  obstacle  to  the  entry  of  the  rain  into  the   chalk, 

here  any  organic  impurity  which  the  water  may  carry 
ie  Boon  oxidised  and  rendered  harmless.     Those  who 

.ve  scampered  like  myself  over  the  downs  of  Hants  and 

ilt«  Mrill  remember  the  scarcity  of  water  in  these  regions. 
In  fact,  the  rainfall,  instead  of  washing  the  surface  and 

llecting  in  streams,  sinks  into  the  fissured  chalk.  a,ud. 
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lot  aoftening  water  called  Clark's  pcoeeaa,  bat  not  oatil 

*''*«ntly,  under  the  gaidance  of  Mr.  Hoaetaham,  did  I 

f  of  its  larger  appGcatioaa.    The  ehalk- 
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softened  for  the  supply  of  the  city  of  Canterbury ;  and  at 
the  Cliiltem  Hills  it  is  softened  for  the  supply  of  Tring 

id  Aylesbury.  Caterham  aLio  enjoys  the  luxury. 
I  have  visited  all  these  places,  and  made  myself 
inted  with  the  works.  At  Canterbury  there  are 
reservoirs  covered  in  and  protected,  by  a  concrete 
f  and  layers  of  pebbles,  both  from  the  summers  heat 
and  the  winter's  cold.  Each  reservoir  can  hold  120,000 
gallons  of  water.  Adjacent  to  these  reservoirs  are  others 
containing  pure  slaked  lime — the  so-called  '  cream  of 
lime.'  These  being  filled  with  water,  the  lime  and  water 
are  thoroughly  mixed  by  air  forced  in  by  an  engine 
through  apertiires  in  the  bottom  of  the  reservoir.  The 
water  soon   dissolves  all  the  lime  it  is  capable  of  dis- 

Iving.     The  mechanically  suspended  lime  is  then  allowed 

subside  to  the  bottom,  leaving  a  perfectly  transparent 
lime-water  behind. 

The  softening  process  is  this  :  Into  one  of  the 
mpty  reservoire  is  introduced  a  certain  quantity  of  the 
clear  lime-water,  and  after  this  about  nine  times  the 
quantity  of  the  chalk-water.  The  transparency  imme- 
diately disappears — the  mixture  of  tlie  two  clear  liquids 
becoming  thickly  turbid,  through  the  precipitation  of 
carbonate  of  lime.  The  precipitate  is  permitted  to  sub- 
side. It  is  crystalline  and  heavy,  and  in  about  twelve 
hours  a  layer  of  pure  white  carbonate  of  lime  is  formed 
at  the  bottom  of  the  reservoir,  with  a  water  of  extra- 
ordinary beauty  and  purity  overhead.  A  few  days  agoj 
I  pitched  some  halfpence  into  a  reservoir  sixteen  feefcl 
deep  at  the  Chiltcm  Hills.     This  depth  hardly  dimmed' 

e  coin.  Had  I  cast  in  a  pin,  it  could  have  been  seen  at 
the  bottom.  By  this  process  of  softening,  the  water  is 
reduced  from  about  seventeen  degrees  of  hardness,  to 
three  degrees  of  hardness.  It  yields  a  lather  immediately. 
Ita  temperature  is  constant  throughout  the  year.     In  the 
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hottest  summer  it  is  cool,  its  temperatnre  being  twenty  e- 
degrees  above  t  he  freezing  point ;  and  it  does  not  iie^u 
in  winter  if  cnaveyed  in  proper  pipes.  Tbe  reservoirs 
are  covered  ;  a  leaf  cmonot  blow  into  them,  and  no  surface 
contamination  can  reach  the  water.  It  passes  direct  from 
the  main  into  the  house  tap ;  no  cisteroa  are  employed, 
and  the  siipply  is  alwava  freah  and  pure.  This  ig  the 
kind  of  water  wliich  o  the  fortunate  people  of 

Tring,  Caterham,  a 

ft  P 

The  foregoing  a  ,b  it  relates  to  the  theory 

which   ascribes  ep  to  the   development  of 

low  parasitic  life  m  an  life,  was  embodied  in 

a  discourse  ileliven  e  Eoyal   Institution  in 

January  1870.     In  Jm  fler  a  brief  reference  to 

the  polarisation  of  light  by  cloudy  matter,  I  ventured 
to  recur  to  the  subject  in  these  terms :  What  is  the 
practical  uses  of  these  curiosities  ?  If  we  exclude  the 
interest  attached  to  the  observation  of  new  facts,  and  the 
enhancement  of  that  interest  through  the  knowledge  that 
facts  often  become  the  exponents  of  laws,  these  curiosities 
are  in  themselves  worth  little.  They  vrill  not  enable  us 
to  add  to  our  stock  of  food,  or  drink,  or  clothes,  or  jewel- 
lery. But  though  thus  shorn  of  all  usefulness  in  them- 
selves, they  may,  by  carrying  thought  into  places  which  it 
would  not  otherwise  have  entered,  become  the  antecedents 
of  practical  consequences.  In  looking,  for  example,  at 
our  illuminated  dust,  we  may  ask  ourselves  what  it  is. 
How  does  it  act,  not  upon  a  beam  of  light,  but  upon  our 
own  organisations  ?  The  question  then  assumes  a  prac- 
tical character.  We  find  on  examination  that  this  dust 
is  organic  matter — in  part  living,  in  part  dead.  There 
are  among  it  particles  of  ground  straw,  torn  rags,  smoke, 
the  pollen  of  flowersj  the  spores  of  fungi,  and  the  germs 
of  other   things.     But  what  have  they  to  do  with  the 
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animal  economy?  Let  me  give  you  an  illustration  to 
■which  my  attention  has  been  lately  drawn  by  Mr.  George 
Heury  Lewes,  who  writes  to  me  thus : 

'  I  wish  to  direct  your  attention  to  the  experiments  of 

t^   KeckUngshausen   should  you  happen  not   to  know 
em.     They  are  strikint;:  confirmations  of  what  you  say 
of  dust   and    disejise.     Last   spriiij^,    wlien   I   was  at  liis 
laboratory  in  >\'iirzburg,  I  examined  with  him  blood  that 
had  been  three  weeks,  a   month,  and  tive   weeks,  out  of 
_tf"'  body,  preserved  in  little  porcelain  cups  under  glass 
Slides.     This  blood  was  living  and  growing.     Not  only 
^Bre  the  Amoeba-like  movements  of  the  white  corpuscles 
present,  but  there  were  abundant  evidences  of  the  growth 
and  development  of  the  corpuscles.     I  also  saw  a  frog's 
heart  still  pulsating  which  had  been  removed  from  the 
body  ( I  forget  how  many  days,  but  certainly  more  than  a 
week).     There  were  other  examples  of  the  same  persistent 

tality,  or  absence  of  putrefaction.  Von  Recklings- 
usen  did  not  attribute  this  to  the  absence  of  germs — 
18  were  not  mentioned  by  him  ;  but  when  I  asked  him 
he  represented  the  thing  to  himself,  lit-  said  the  whole 
^stery  of  his  operation  consisted  in  keeping  the  blood 
\  from.  dirt.  The  instruments  employed  were  raised  to 
a  red  heat  just  before  use ;  the  thread  was  silver  thread  and 
was  similarly  treated ;  and  the  porcelain  cups,  though  not 
kept  free  from  air,  were  kept  free  from  cm-rents.  He  said  he 
often  had  failures,  and  these  lie  attributed  to  particles  of 
B|Bt  having  escaped  his  precautions.' 

Professor  Lister,  who  has  founded  upon  the  removal 
or  destruction  of  this  '  dirt'  great  and  numerous  improve- 
ments in  siu-gery,  tells  us  theeflFectof  its  introduction  into 
the  blood  of  woimds.  He  informs  us  what  would  happen 
with  the  extracted  blood  should  the  dust  get  at  it.  The 
blood  would  putrefy  and  become  fetid  ;  and  when  you 
examine  more  closely  what  putrefaction  means,  30U  ^ti^ 
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the  putrefying  substance  swanning  with  organic  life,  tbe 
germs  of  which  have  been  derived  from  the  air. 

We  are  now  Ltssurwilj  in  the  midst  of  practical  mstt€rs ; 
and  with  your  permission  I  will  refer  once  more  to  a  ques- 
tion which  Las  recently  occupied  a  good  deal  of  public 
attention.  As  regards  the  lowest  forms  of  life,  the  world 
is  divided,  and  has  "  '  ' '  le  been  divided,  into  two 
parties,  the  one  a  we  have  only  to  submit 

absolutely  dead  mi  K  physical  conditions,  to 

envolve  from  it  liv:  U  other  (without  wishing 

to  set  bounds  to  t  patter)  affirming  that,  tit 

our  day,  life  has  n  ad  to  rise  independently 

of  pre-existing  life,  )  the  party  which  claim« 

life  as  a  derivative  c  ueetion  has  two  factors^ 

the  evidence,  and  the  minu  mat  judges  of  the  evidence ; 
and  it  may  be  purely  a  mental  set  or  bias  on  my  part 
that  causes  me  througliout  this  long  discussion,  to  see,  on 
the  one  side,  dubious  facts  and  defective  logic,  and  on  the 
otlier  side  firm  reasoning  and  a  knowledge  of  what  rigid 
experimental  enquiry  demands.  But,  judged  of  practically, 
what,  again,  has  the  question  of  Spontaneous  Generation 
to  do  with  us  ?  Let  us  see.  There  are  numerous  diseases 
of  men  and  animals  that  are  demonstrably  the  products  of 
parasitic  life,  and  such  diseases  may  take  the  most  terrible 
epidemic  forms,  as  in  the  case  of  the  silkworms  of  France 
in  our  day.  Now  it  is  in  the  highest  degree  important 
to  know  whether  the  parasites  in  question  are  sponta- 
neously developed,  or  are  wafted  from  without  to  those 
afflict<!d  with  the  disease.  The  means  of  prevention,  if 
not  of  cure,  would  be  widely  different  in  the  two  cases. 

Hut  this  is  not  all.  Besides  these  universally  admitted 
cases,  there  is  the  broad  theory,  now  broached  and  daily 
growing  in  strength  and  clearness- — daily,  indeed,  gaining 
more  and  more  of  assent  from  tlie  most  successful  workers 
and  profound  thinkers  of  the  medical  profession  itself — 
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the  theory,  namely,  that  contagious  disease,  generally,  is  of 
this  parasitic  character.     Had  I  any  cause  to  regret  having 
introduced  this  theory  to  your  notice  more  than  a  year  ago, 
that  regret  should  now  be  expressed.     I  would  certainly 
renounce  in  your  presence  whatever  leaning  towards  the 
germ  theory  my  words  might  then  have  betrayed.     But 
lince  the  time  referred  to  I  have  heard  or  read  nothing 
which  shakes   my  conviction  of  the  truth  of  the  theory. 
t  me  briefly  state  the  grounds  on  which  its  supporters 
y.     From  their  respective  viruses  you  may  plant  typhoid 
er,  scarlatina,  or  small-pox.     What  is  the  crop   that 
arises  from  this  huslwndry?     As  siu"ely  as  a  thistle  rises 
from  a  thistle  seed,  as  surely  as  the  fig  comes  from  the  fig, 
the  grape  from  the  grape,  the  thorn  from  the  thorn,  so 
surely    does   the  typhoid    virus    increase    and   multiply 
into  typhoid  fever,  the  scarlatina  virus  into  scarlatina, the 
^paall-pox  virus  into  small-pox.     What  is  the  conclusion 
^MRt  suggests  itself  here?     It   is  this:   That  the  thing 
^Hbicb  we  vaguely  call  a  virus  is  to  all  intents  and  purposes 
^^aeed  :  that,  excluding  the  notion  of  vitality,  in  the  whole 
range  of  chemical  science  you  cannot  point  to  an  action 
I    which  illustrates  this  perfect  parallelism  with  the  pbeno- 
I    mena  of  life — this  demonstrated  power  of  self-multiplica- 
tion and  reproduction.     The  germ  theory  alone  accounts 
for  the  phenomena. 

In  cases  of  epidemic  disease,  it  is  not  on  bad  air  or 
foul  drains  that  the  attention  of  the  physician  of  tlie  futiu-e 
will  primarily  be  fixed,  but  upon  disease  germs,  which  no 
bad  air  or  foul  drains  can  create,  but  which  may  be  pushed 
by  foul  air  into  virulent  energy  of  reproduction.  You 
may  think  I  am  treading  on  dangerous  ground,  that  I  am 
putting  forth  views  that  may  interfere  with  salutary  prac- 
tice. No  such  thing.  If  you  wish  to  learn  the  impotence 
of  medical  practice  in  dealing  with  contagious  diseases. 
Lave  only  to  refer  to  a  recent  Harveiau  oiaUou  \>^ 
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Dr.  Gull.  Such  diseases  defy  the  physician.  They  mu« 
run  their  couise,  and  the  utmost  that  can  be  done  to 
them  iri  careful  nursing.  And  this,  though  I  do  not 
speoially  insist  upon  it,  would  favour  the  idea  of  their 
vital  origin.  For  if  the  seeds  of  contagious  disease  be 
themselves  living  things,  it  may  be  difficult  to  de 
either  them  or  their  progeny,  without  involving  their  liv 
habitat  in  the  same  destruction. 

It  has  been  said,  and  it  is  sure  to  be  repeated,  that 
am  quitting  my  own  Tnltier,  in  speaking  of  these  thing 
Not  so.  I  am  dealing  \vith  a  question  on  which  mindf  ^ 
accustomed  to  weigh  the  value  of  experimental  evidence 
are  alone  competent  to  decide,  and  regarding  which,  in  its 
present  condition,  minds  so  trained  are  as  capable  of  form- 
ing an  opinion  as  regarding  the  phenomena  of  magnetiim 
or  radiant  heat.  'The  germ  theory  of  disease,'  it  has  been 
said,  'appertains  to  the  biologist  and  the  physiciun.' 
Granted.  But  where  is  the  biologist  or  physician,  whose 
Jreaearches,  in  connection  with  this  subject,  could  for  one 
instant  be  compared  to  those  of  the  chemist  Pasteur  ?  It 
is  not  the  philosophic  members  of  the  medical  profeatsion 
who  are  dull  to  the  reception  of  truth  not  originated  with- 
in the  pale  of  the  profession  itself.  I  cannot  better  con- 
clude this  portion  of  my  story  than  by  reading  to  you  an 
extract  from  a  letter  addressed  to  me  some  time  ago  by 
Dr.  William  Budd,  of  Clifton,  to  whose  insight  and  energy 
the  town  of  Bristol  owes  so  much  in  the  way  of  sanitary 
improvement. 

'  As  to  the  germ  theory  itself,'  writes  Dr.  Budd,  '  that 
is  a  matter  on  which  I  have  long  since  made  up  my  mind. 
From  the  day  when  I  first  began  to  think  of  these  subject*, 
I  had  never  had  a  doiibt  that  the  specific  cause  of  conta- 
gious fevers  must  be  living  organisms.  h 

'  It  is  impossible,  in  fact,  to  make  any  statement  bea^ 
ing  upon  the  essence  or  distinctive  characters   of  these 
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rers,  without  using  tennn  which  are  of  all  others  the 
most  distinctive  of  life.  Take  up  the  writings  of  the 
most  ^nolent  opponent  of  the  germ  theory,  and,  ten  to  one, 
you  will  find  them  full  of  such  terms  as  "  propagation," 
"self-propagation,"  "  reproduction,"  "self-multiplication," 
and  so  on.  Try  as  he  may — if  he  has  anything  to  say  of 
tho&e  diseases  which  is  characteristic  of  them— he  cannot 
evade  the  use  of  these  terms,  or  the  exact  equivalents  to 
them.  While  perfectly  applicable  to  living  things,  these 
terms  express  qualities  which  are  not  only  inapplicable  to 
common  chemical  agents,  but,  as  far  as  I  can  see,  actually 
inconceivable  of  them.' 


Cotton-wool  Respirator. 

Once,  then,  established  within  the  body,  this  evil  form 
of  life,  if  you  will  allow  me  to  call  it  so,  must  run  its 
oourse.  Medicine  as  yet  is  powerless  to  arrest  its  progress, 
and  the  great  puint  to  be  aimed  at  is  to  prevent  its  access 
to  the  body.  It  was  with  tliis  tliouglit  in  my  mind  that 
I  ventured  to  recommend,  more  than  a  year  ago,  the  use 
of  cotton-wool  rcspiniturs  in  iiifwitious  places.  I  would 
here  repeat  my  belief  in  their  efficacy  if  properly  con- 
structed. But  I  do  not  wish  to  prejudice  the  use  of  these 
respirators,  by  connecting  them  indissolubly  with  the  germ 
theory.  There  are  too  many  trades  in  England  where  life 
is  shortened  and  rendered  miserable  by  the  introduction 
of  matters  into  the  lungs  which  might  be  kept  out  of  them. 
Dr.  Cireenhow  has  shown  the  stony  grit  deposited  in  the 
lungs  of  stonecutters.  The  black  lungs  of  colliers  is  an- 
other case  in  point.  In  fact,  a  hundred  obvious  cases 
might  Ije  cited,  and  others  that  are  not  obvious  might  be 
added  to  them.  We  should  not,  for  example,"  think  that 
printing  implied  labours  where  the  use  of  cotton-wool 
respirators  might  come  into  play ;  but  the  fact  is  that  tUe 
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dust  arising  from  the  sorting  of  the  tjpe  u  rery  dotmctive 
of  health.  I  weot  some  time  ago  iota  a  maaxsSubarj  is 
one  of  <itir  large  towDs,  where  iron  T6«ds  ai« enamelled  by 
coating  them  with  a  mineral  pirwder, and  sabjecti&g  tbem 
to  a  heat  siifBcient  to  fuse  the  powder.  The  organigation 
of  the  rstahlishmeot  was  excellent,  and  one  thing  only  was 
needed  to  make  it  "    '  '  'a  lajge  room  a  number 

of  women  were  ea  ig  the  veseels.     The  air 

was  laden  with  thb  )  their  faces  appeared  as 

white  and  hloodleas  t>*ith  which  they  worked. 

By  the  use  of  cott  BQB'ltMK  women  mi^t 

be  caui^i-d  to  hreatL  rotn  nupmded  matter  as 

that  oi   the  open  b  a  year  ago  a  Lancafthire 

seedsman    wrote    to  f   that   duriug   the   seed 

season  liis  nn-n  snfferen  nomtny  from  irritation  and  fever, 
so  that  many  of  them  left  his  service.  He  asked  for  help, 
and  I  f^ave  him  my  advice.  At  the  conclusion  of  the  sea- 
son, this  year,  he  wrote  to  inform  me  that  he  had  folded 
a  little  cotton-wool  in  muslin,  and  tied  it  in  front  of  the 
mouth  ;  and  that  with  this  simple  defence  he  had  passed 
throu^^h  the  season  in  comfort,  and  without  a  single  com- 
plaint from  his  men. 

Against  the  use  of  such  a  respirator  the  obvious  objec- 
tion arises,  that  it  becomes  wet  and  heated  by  the  breath. 
While  I  was  casting  about  for  a  remedy  for  this  a  friend  for- 
warded to  me  from  Newcastle  a  form  of  respirator  invented 
by  Mr.  Carrick,  a  hotel-keeper  at  Glasgow,  which,  by  a 
slight  moditieation,  may  be  caused  to  meet  the  case 
perfectly.  The  respirator,  with  its  back  in  part  removed, 
is  shown  in  hg.  4.  Under  the  partition  of  wire-gauze 
q  r,  is  a  space  intended  by  Mr.  Carrick  for  '  medicated 
substances,'  and  which  may  be  filled  with  cotton-wool. 
The  mouth  is  placed  against  the  aperture  0,  which  fits 
closely  round  the  lips,  and  the  filtered  air  enters  the 
mouth  through  a  light  valve  V,  which  is  lifted  by  the  act 
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of  iabalation.    Daring  exhalation  this  valve  closes ;  the 
breath  escapes  by  a  second  valve,  v,  into  the  open  air. 

Fm.   4. 


Tlie  wool  is  thus  kept  dry  and  cool ;  the  air  in  pasaingthrough 
it  being  filtered  of  everything  it  holds  in  suspension. 


Fireman's  lleapirator. 

We  have  thus  been  led  by  our  first  unpractical  experi- 
ments into  a  thicket  of  practical  considerations.  But 
another  8t«p  is  possible.  Admiring,  as  I  do,  the  bravery 
of  our  firemen,  and  hearing  that  smoke  was  a  more 
terious  enemy  than  flame  itself,  I  thought  of  devising  a 
fireman's  respirator. 

Our  fire-escapes  are  each  in  diarge  of  a  single  man, 
and  it  would  be  of  obvious  importance  to  place  it 
in  the  power  of  each  of  those  men  to  penetrate  through 
the  densest  smoke,  into  the  recesses  of  a  house,  and 
there  to  rescue  those  who  would  otherwise  be  suffocated 
or  burnt.  Cotton-wool,  which  so  effectually  arrested  i 
dust,  was  first  tried;  but,  though  found  soothing  in 
certain  gentle  kinds  of  smoke,  it  was  no  match  for  the 
pungent  fumes  of  a  resinous  fire,  which  evolves  a  most 
abominable  amoke.      For  the   purpose  of  c&tdim^  \\ie 
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atmospheric  germs,  M.  Pauchet  spread  a  film  of  glycerine 
on  a  plate  of  jflass,  urged  air  against  the  15 Im,  and  ei- 
amined  the  dust  which  istuck  to  it.  The  maisteiung  of 
the  cotton-wool  with  this  suhatance  was  a  decided  improve- 
ment ;  still  the  respirator  only  enabled  ua  to  remain  in 
dense  smoke  for  three  or  four  minutes,  after  which  the 

irritation    bfcarae "" — ^'-        ReHection   suggested 

that,  in  combuati  tot  as  the  production   nf 

dense  smoke   imp  bt  be  numerous   hydro- 

carbons produced,  I  a  state  of  vapour,  woidd 

be  very  imperfect  the  cotton-wool.     These, 

in  all  probaViilitj,  of  the  residual  irritation; 

and  if  these  coulc  a  practically  perfect  res- 

pirator might  po38  (d. 

I  state  tlip  reasoniiijt;  <rji.i^...j  as  it  occurred  to  my  mind. 
Its  result  will  be  anticipated  by  many  present.  All 
bodies  possess  the  power  of  condensinj;^,  in  a  greater  or 
less  degree,  gases  and  vapours  upon  their  surfaces,  and 
when  the  condensing  body  is  very  porous,  or  in  a  fine  state 
of  division,  the  force  of  condensation  may  produce  very 
remarkable  effects.  Thus,  a  clean  piece  of  platinum-foil 
placed  in  a  mixture  of  oxygen  and  hydrogen  so  squeezes 
the  gases  together  as  to  cause  them  to  combine  ;  and  if 
the  experiment  be  made  with  care,  the  heat  of  combination 
mny  raise  the  platinum  to  bright  redness.  The  prompt- 
ness of  this  action  is  greatly  augmented  by  reducing  the 
platinum  to  a  state  of  fine  division.  A  pellet  of  '  spongy 
platinum,'  for  instance,  plunged  into  a  mixture  of  oxygen 
and  hydrogen,  causes  the  gases  to  explode  instantly.  In 
virtue  of  its  extreme  porosity,  a  similar  power  is  possessed 
by  charcoal.  It  is  not  strong  enough  to  cause  the  oxygen 
and  hydrogen  to  combine  like  the  spongy  platinum,  but 
it  so  squeezes  the  more  condensable  vapours,  and  acts  with 
such  condensing  power  upon  the  oxygen  of  the  air,  as  to 
bring  both  within  the  combining  distance,  thus  enabling 
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oxygen  to  attack  and  destroy  the  vapours  in  the  porea 
the  charcoiil.  In  this  way,  effluvia  of  all  kinds  may  he 
Tirtually  burnt  up  ;  and  this  is  the  principle  of  the  excel- 
lent charcoal  respirators  invented  by  Dr.  Stenhouse. 
Armed  with  one  of  these,  you  may  go  into  the  foulest- 
nnelling  places  without  having  your  nose  offended. 

But,  while  powerful  to  arrest  vapours,  the  charcoal  res- 
pirator is  ineffectual  as  regards  smoke.  The  smoke-parti- 
cles jjct  freely  through  the  respirator.  With  a  number  of 
Kch  respirators,  tested  downstairs,  from  half  a  minute  to 
minute  was  the  limit  of  endurance.  This  might  be 
iceeded  by  Faniday's  simple  method  of  emptying  the 
ngs  completely,  and  then  filling  them  before  going  into 
a  smoky  atmosphere.  In  fact,  each  solid  smoke  particle 
18  itself  a  bit  of  charcoal,  and  carries  on  it,  and  in  it,  its 
little  load  of  irritating  vapour.  It  is  this,  far  more  than 
the  particles  of  carbon  themselves,  that  produces  the  irri- 
•ion.  Hence  two  causes  of  offence  are  to  be  removed ; 
carbon  particles  which  convey  the  irritant  by  adhesion 
id  condensation,  and  the  free  vap<iur  which  accompanies 
the  particles.  The  moistened  cotton-wool  I  knew  would 
arrest  the  first ;  fragments  of  charcoal  I  hoped  would  stop 
the  second.  In  the  first  fireman's  respirator,  Mr.  Carrick's 
arrangement  of  two  valves,  the  one  for  inhalation,  the 
other  for  exhalation,  are  preserved.  But  the  portion  of  it 
which  holds  the  filtering  and  absorbent  substances,  is 
prolonged  to  a  depth  of  four  or  five  inches  (see  fig.  5). 
Under  the  partition  of  wire-guuze  (/  )•  at  the  bottom  of 
the  space  which  fronts  the  mouth  is  placed  a  layer  of 
cotton-wool,  c,  moistened  with  glycerine ;  then  a  thin 
layer  of  dry  wool,  (f ;  then  a  layer  of  charcoal  fragments ; 
and  finally  a  second  thin  layer  of  dry  cotton-wool.  The 
succession  of  the  layers  may  be  changed  without  prejudice 
to  the  action.  A  wire-gauze  cover,  shown  in  plan  below 
fig.  5,  keeps  the  substances  from  falling  out  of  the  ie«^v- 
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rator.     A  layer  of  caustic  lime  has  been  added  for  tlie 
absorption  of  carbonic  acid;  but  in  the  densest  smoke 


Fio.  5. 


;c' 


•  r«r<«««*    I    ed.  eif*  rioM 


■><.4«    e#'A«>rrt«col^A4 


that  we  have  hitherto  employed,  it  has  not  })t«en  found 
ceasary,  nor  is  it  ebown  in  the  figure.     In  a  flaming  bu 
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ideed,  the  mixture  of  air  with  the  smoke  never 
permits  the  carbonic  acid  to  become  so  dense  as  to  be 
irrespirable;  but  in  a  place  wliere  the  gas  is  present  in 
luidiie  quantity,  the  fragments  of  lime  would  materially 
mitigate  its  action. 

In  a  small  cellar-like  chamber  with  a  stone  flooring 
and  stone  walls,  the  fii^st  exjwrirnents  were  made.  We 
placed  there  furnaces  containing  resinous  pine-wood, 
lighted  the  wood,  and,  placing  over  it  a  lid  which  pre- 
vented too  l>risk  a  circulation  of  the  air,  generated  dense 
volumes  of  smoke.  With  our  eyes  protected  by  suitable 
glasses,  my  assistant  and  I  have  remained  for  half  an 
hour  and  more  in  smoke  so  dense  and  pungent  that  a 
single  inhalation,  through  the  xmdefended  mouth,  would 
be  perfectly  imendiiralile.  We  might  have  prolonged  our 
stay  for  hotu-s.  Having  thus  far  perfected  the  instru- 
ment^ I  wrote  to  the  chief  officer  of  tlie  Metropolitan  Fire 
Brigade,  asking  him  whether  such  a  respirator  would  be 
of  use  to  him.  His  reply  was  prompt ;  it  would  ]<ei  most 
valuable.  He  had,  however,  made  himself  acquainted 
with  every  contrivance  of  the  kind  in  this  and  other 
countries,  and  had  found  none  of  them  of  any  practical 
use.  He  offered  to  come  aud  test  it  here,  or  to  place  a 
room  at  my  disposal  in  the  City.  At  my  request  he 
came  here,  accompanied  by  three  of  his  men.  Our  small 
room  was  tilled  witli  smoke  to  their  entire  satisfaction. 
The  three  men  weut  successively  into  it,  aud  remained 
there  as  long  as  Captain  Shaw  wished  them.  On  coming 
out  they  said  that  tliey  had  not  suffered  the  sliglitest  in- 
convenience ;  that  they  could  have  remained  all  day  in 
the  smoke.  Captain  Shaw  then  tested  the  respirator  ' 
with  the  same  result,  and  he  afterwards  took  great  interest 
the  perfecting  of  the  instrument. 


Various  ameliorations  and  improvements  have  teceaVX'^ 
jr  3 
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heen  introduced  into  the  smoke  respirator.  The  hood 
Captain  Shaw  has  been  improveil  upon  by  the  simple  and 
less  expensive  mouthpiece  of  Mr.  Sinclair ;  and  this,  in  it 
turn,  has  been  simplified  and  improved  by  my  asaistanti 
Mr,  John  Cottrell.  The  respirator  is  now  in  eonsiderabb 
[demand,  and  it  has  already  done  good  practical  senic 
Care  is,  however,  necessary  in  moistening  the  wool  wit 
glycerine.  It  must  be  carefully  teazed,  so  that  the  ind 
vidual  fibres  may  be  moistened,  and  dots  must  be  avoide 
I  cannot  recommend  the  layers  of  moistened  flanne 
which,  in  some  cases,  have  been  used  instead  of  cotton 
wool :  nothing  e<juals  tha  wool,  when  carefully  treated. 

An  experiment  made  last  year  bronght  out  rery  ooo 
npicuously  the  necessity  of  careful  packing,  and  the  enoe 
mous  compjirative  power  of  resisting  smoke  irritatio 
possessed  by  our  firemen,  and  the  able  officer  who  con 
mands  them.  Having  heard  from  Captain  Shaw  that,  in' 
some  recent  very  trying  experiments,  he  had  obtained  tl 
best  effects  from  dry  cotton-wool,  and  thinking  that 
could  not  have  been  mistjiken  in  my  first  results,  which 
proved  the  dry  so  much  inferior  to  the  moistened  wool 
and  its  associated  charcoal,  I  proposed  to  Captain  Shaw  to 
bring  the  matter  to  a  test  at  his  workshops  in  the  City. 
He  was  good  enough  to  accept  my  proposal,  and  thither  I 
went  on  May  7,  1874.  The  smoke  was  generated  in  a 
confined  space  from  wet  straw,  and  it  was  certainly  Tery  dia- 
bolical. At  this  season  of  the  year  I  am  usually  somewhat 
shorn  of  vigour,  and  therefore  not  in  the  best  conditio 
for  severe  experiments ;  still  I  wished  to  test  the  matt 
in  my  own  person.  With  a  respirator  which  had  been 
use  some  days  previously,  and  which  was  not  careful 
packed,  I  followed  a  fireman  into  the  smoke,  he 
provided  with  a  dry-wool  respirator.  I  was  compelled 
(juit  the  place  in  about  three  minutes,  while  the  firei 
remaiupfl  tlipre  for  six  or  eeven  minutes. 
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I  then  tried  his  respirator  upon  myself,  and  found 
that  with  it  I  could  not  remain  more  than  a  minute  in 
the  smoke  ;  in  fiict  the  first  inhalation  provoked  cougliing. 

Thinking  that  Captain  Shaw  lumseit  miglithave  hinus 
more  like  mine  than  those  of  his  iircman,  I  proposed  that 
we  shoidd  try  the  respirators  together ;  but  he  informed 
me  that  his  lungs  were  very  strong.  He  was,  however, 
good  enough  to  accede  to  my  request.  Before  entering 
the  den  a  second  time  I  repacked  my  respirator,  with 
due  care,  and  entered  the  smoke  in  company  with  Captain 
Shaw.  I  could  hear  him  breathe  long  slow  inhalations  ;  his 
labour  was  certainly  greater  than  mine,  and  after  the 
lappe  of  seven  minutes  I  heard  him  cough.  In  seven  and 
a  half  minutes  he  had  to  quit  the  place,  thus  prciving  that 
his  lungs  were  able  to  endure  the  irritation  seven  times  as 
long  as  mine  eoidd  Vtear  it.  I  continued  in  the  smoke, 
with  hardly  any  discomfort,  for  sixteen  minutes,  and  cer- 
tainly coidd  have  remained  in  it  much  longer.  The 
advantage  arising  from  the  glycerine  was  thus  placed 
beyond  question. 

During  this  time  I  was  in  a  condition  to  render  very 
material  assistance  to  a  person  in  danger  of  suffocation. 

rm  Helmholtz  on  Jlay  Fevei. 

In  my  lecture  on  Dust  and  l)i8ease  in  1 870,  1  referred 
to  an  experiment  made  by  Helmholtz  upon  himself  which 
strikingly  connected  hay  fever  with  animalcular  life. 
About  a  year  ago  I  received  from  Professor  Binz  of  Bonn 
a  short,  but  important  paper,  embracing  Helmholtz's 
account  of  his  oljservation,  to  which  Professor  Binz  has 
added  some  remarks  of  his  own.  The  paper,  being 
mainly  intended  for  English  medical  men,  was  published 
in  English,  and  though  here  and  there  its  style  might  be 
amended,  I  think  it  better  to  publish  it  vmalteted  \ieTe. 
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From  what  I  have  observed  (sajre  Professor  Binz)  of  re- 
cent English  publications  on  the  subject  of  hay  fever,  I  am 
led  to  suppose  that  English  authorities  are  inaccurately  ac- 
quainted with  the  discovery  of  Professor  Helmholtz,  as  far 
back  as  1868,  of  the  existence  of  uncommon  low  organisms 
in  the  nasal  secretions  in  this  complaint,  and  of  the 
possibility  of  arresting  their  action  by  the  local  employ- 
ment of  quinine.  I  therefore  purpose  to  republish  the 
letter  in  which  he  originally  announced  these  facts  to  my- 
self, and  to  add  some  further  olMervations  on  this  topic. 
The  letter  is  as  follows: ' — 

'  I  have  suffered,  as  well  as  I  can  remember,  since  tlii 
year  1 847,  from  the  peculiar  catarrh  calle<i  by  the  Englis! 
"  hay  fever,"  the  speciality  of  which  consists  in  its  attack- 
ing its  victims  regularly  in  the  hay  season  (myself  betweea 
May  20  and  the  end  of  June),  that  it  ceases  in  the  cooler 
weather,  but  on  the  other  hand  quickly  reaches  a  gn 
intensity  if  the  patients  expose  themselves  to  heat  an 
sunshine.  An  extraordinarily  violent  sneezing  then  set 
in,  and  a  strongly  corrosive  thin  discharge,  with  which 
much  epithelium  is  thrown  off.  This  increases,  after  a 
few  hours,  to  a  painful  inflammation  of  the  miicous  mem- 
brane and  of  the  outside  of  the  nose,  and  excites  fever 
with  severe  headache  and  great  depression,  if  the  patient 
cannot  withdraw  himself  from  the  heat  and  the  sunshine. 
In  a  cool  room,  however,  these  symptoms  vanish  as  quickly 
as  they  come  on,  and  there  then  (^nly  remains  for  a  few 
da]™  a  lessened  discharge  and  soreness,  as  if  caused  by 
the  loss  of  epithelium.  I  remark,  by  the  way,  that  in  all 
my  other  years  I  had  very  little  tendency  to  catarrh  or 
catching  cold,  while  the  hay  fever  has  never  failed  during 
the  twenty-one  years  of  which  I  have  spoken,  and  has 
never  attacked  me  earlier  or  later  in  the  year  than  th 
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limes  named.  The  condition  is  extremely  troublesome, 
and  increases,  if  one  is  obliged  to  be  much  exposed  to  tbe 
in,  to  an  excessively  severe  malady, 

*  The  curious  dependence  of  the  disease  on  the  season 
of  the  year  suggested  to  me  the  thought  that  organisms 
light  be  the  origin  of  the  mischief.  In  examining  the 
cretion  I  regularly  found,  in  tbe  last  five  years,  certain 
ibrio-like  bodies  in  it,  which  at  other  time«  I  cxnihl  not 
ve  in  my  nasal  secretion.  .  .  .  They  are  very  small, 
ad  can  only  be  recognised  with  the  immersion-lens  of  a 
very  good  Hartnack's  microscope.  It  is  characteristic  of 
the  common  isolated  single  joints  that  they  contain  four 
nuclei  in  a  row,  of  which  two  pairs  are  more  closely 
united.  The  length  of  the  joints  is  0*004  millimetre. 
L'pon  the  warm  objective-stage  they  move  with  moderate 
activity,  partly  in  mere  vibration,  partly  shooting  back- 
wards and  forwards  in  the  direction  of  their  long  axis  ;  in 
lower  temperatures  they  are  very  inactive.  Occasionally 
one  finds  them  arranged  in  rows  upon  each  other,  or  in 
branching  series.  Observed  some  days  in  the  moist 
chamber,  they  vegetated  again,  and  appeared  somewhat 
larger  and  more  conspicuous  than  immediately  after  their 
excretion.  It  is  to  be  noticed  that  only  that  kind  of 
secretion  contains  them  which  is  expelled  by  violent 
(neezings;  that  which  drops  slowly  does  not  contain 
any.  They  stick  tenaciously  enough  in  the  lower  cavities 
and  recesses  of  the  nose. 

b  ♦  When  I  saw  your  first  notice  respecting  the  poisonous 
action  of  quinine  upon  infusoria,  I  determined  at  once  to 
make  an  experiment  with  that  substance,  thinking  that 
these  vibrionic  bodies,  even  if  they  did  not  cause  the 
whole  illness,  still  could  render  it  much  more  unpleasant 
through  their  movements  and  the  decompositions  caused 
by  them.  For  that  reason  I  made  a  neutral  solution  of 
sulphate  of  quinine,  which  did  not  contain  much  ot  l\\ft 
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salt  (1-800),  but  still  was  eflFective  enough,  and  caused 
moderate  irritation  on  the  mucous  membrane  of  the  nose. 
I  then  lay  flat  on  mj  back,  keeping  my  head  %ery  low,  and 
poured  with  a  pipette  about  four  cubic  centimetres  into 
both  nostrils.  Tlion  I  turned  my  head  about  in  order  to 
let  the  liquid  flow  in  all  directions. 

'  The  desired  eflfect  was  obtained  immediately,  and  re- 
mained for  some  hours ;  I  could  expose  myself  to  the  sun 
without  fits  of  sneezing  and  the  other  disagreeable  symp- 
toms coming  on.  It  was  sufficient  to  repeat  the  treatment 
three  times  a  day,  even  under  the  most  unfavotirable  cir- 
cumstances, in  order  to  keep  myself  quite  free.'  There 
were  then  no  .such  vibrios  in  the  secretion.  If  I  only  go 
out  in  the  evenin^f,  it  suffices  to  inject  the  quinine  once  a 
day,  just  before  going.  After  continuing  this  treatment 
for  some  days  the  symptoms  disappear  completely,  but  if 
I  leave  off  they  return  till  towards  the  end  of  June. 

'My  first  experiment-s  with  quinine  date  from  the 
summer  of  1867  ;  this  year  (1868)  I  began  at  once  as  soon 
as  the  first  traces  of  the  illness  appeared,  and  I  have  thus 
been  able  to  stop  its  development  completely.  ^M 

'I  have  hesitated  as  yet  in  publishing  the  matter,  be- 
cause I  have  found  no  other  patient*  on  whom  I  coiddtry 
the  experiment.  There  is,  it  seems  to  me,  no  doubt,  con- 
eidering  the  extraordinary  regularity  in  the  recurrence  and 
course  of  the  illness,  that  quinine  had  here  a  most  quick 
and  decided  e(Tcct.  And  this  again  makes  my  hypothesis 
very  probable,  that  the  vibrios,  even  if  being  no  specific 
form  but  a  very  frequent  one,  are  at  least  the  cause  of  the 
rapid  increase  of  the  symptoms  in  warm  air,  &s  heat  excites 
them  to  lively  action.* 

'  Tlitre  i»  no  foiintintion  for  the  oliji-ction  th«t  syringins  the  n<>« 
could  not  cure  the  BHilinm  whk-h  itca)mpiinieB  hay  fever;  for  this  asthma 
i»  oa\y  the  reflex  effect  nritinj;  frnm  the  irritntioQ  of  the  nose. — /?. 

*  Helmholti;,  now  ProfcisBor  of  Physics  nt  the  University  of  Beriio,  ii, 
•Ithough  M.D.,  no  niedicnl  pTactitionor.' — B. 
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phould  be  very  glad  if  the  above  lines  would  induce 
edical  men  in  England — the  haunt  of  hay  fever — to  test 
le  observation  of  Helmholtz.  To  most  patients  the  ap- 
plication with  the  pi(M'tte  may  be  too  difficult  or  impos- 
sible ;  I  have  therefore  already  suggested  the  use  of 
Weber's  very  simple  but  effective  nose-douche.  Also  it 
will  be  advisable  to  apply  the  solution  of  quinine  tepid. 
It  can,  further,  not  be  repeated  often  enough  that  quinine 
M  frequently  adulterated,  especially  with  cinchonia,  the 
ion  of  which  is  much  less  to  be  depended  upon. 
Dr.  Frickhofer,  of  .Scliwalbach,  has  communicated  to 
e  a  second  case  in  which  bay  fever  was  cured  by  local 
application  of  quinine.'  Professor  Busch,  of  Bonn,  autho- 
rises me  to  say  that  he  succeeded  in  two  cases  ot '  catarrhus 
Bstivus'  by  the  same  method:  a  third  patient  was  obliged 
to  abstain  from  the  use  of  quinine,  iw  it  produced  an  un- 
bearable irritation  of  the  sensible  nerves  of  the  nose.  In 
(he  autumn  of  1872  Helmholtz  told  me  that  his  fever  was 
cured,  and  that  in  the  meantime  two  other  pjitienta 
advice,  tried  this  method,  and  with  the  same 
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THE  opening  of  the 
pitious.  Portsn 
swathed  by  a  fo^,  wh- 
traversed  by  a  ftrizzle 


Expedition  was  not  pro- 
December  5,  1870,  was 
tensilied  by  smoke,  and 
I.     At  six  P.M.  I  was  on 

board  the  'Urgent.'  Uii  xitcovijy  morning  the  weather 
was  too  thick  to  permit  of  the  ship's  being  swung  and 
lier  compasses  calibrated.  The  Admiral  of  the  port,  a 
man  of  very  noble  presence,  came  on  board.  Under 
his  stimulus  the  energy  which  the  weather  had  damped 
appeared  to  become  more  active,  and  soon  after  his  de- 
parture we  steamed  down  to  Spithead.  Here  the  fog 
had  so  far  lightened  as  to  enable  the  officers  to  swing  the 
ship. 

At  three  r.M.  on  Tuesday,  December  6,  we  got  away, 
gliding  successively  past  Whitecliff  Bay,  Bembridge, 
Saudown,  Shanklin,  Ventnor,  and  St.  Catherine's  Light- 
liouse.  On  Wednesday  morning  we  sighted  the  Isle  of 
Ushant,  on  tlie  French  side  of  tlie  Channel.  The  northern 
end  of  the  island  has  been  fretted  by  the  waves  into  de- 
tached tower-like  masses  of  rock  of  very  remarkable  ap- 
pearance. In  the  Channel  the  sea  was  green,  and  opposite 
l^shant  it  was  a  brighter  green.  On  Wednesday  evening 
we  committed  ourselves  to  the  Bay  of  Biscay.  The  roll 
of  the  Atlantic  was  full,  but  not  violent.  There  had  beetf 
scarcely  a  gleam  of  sunshine  throughout  the  day,  but  the 
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ud-forms  were  fine,  and  their  apparent  solidity  impres- 
*e.      On  T)uirsday  morning  the  green  of  the  sea  was 
placed  by  a  deep  indigo  blue.     The  whole  of  Thursday 
steamed  across  the  bay.     We  had  little  blue  sky,  but 
the  cloudB  were  again  grand  and  varied — cirrus,  stratus,, 
cumulus,  and  nimbus,  we  had  them  all.     Dusky  hair-like 
trails  were   sometimes  dropped  from  the   distant  clouds 
to  the  .sea.      These  were  falling  showers,  and  they  some- 
times   occupied    the    whole    horizon,    while    we    steamed 
across   the   rainlebs   circle   which    was   thus   surrounded. 
Sometimes    we   plunged    into     the     rain,   and    once   or 
twice,  by  slightly  changing  our  course,  avoided  a  heavy 
shower.      From  time  to  time  perfect  rainbows  spanned 
the  heavens  from  side  to  side.     At  times  a  bow  would 
appear  in  fragments,  showing  the  keystone  of  the  arch 
midway  in  air,  and  its  two   buttresses   on    the   horizon. 
In  all  cases  the  light  of  the  bow  could  he  quenched  by 
a  Nicol's  prism,  with  its  long  diagonal  tangent  to  the 
"c.     Sometimes  gh.-aming  patches  of  the  finnament  were 
n  amid  the  clouds.     When  viewed  in  the  proper  direc- 
tion, the  gleam  could  be  quenched  by  a  Nicol's  prism,  a 
dark  aperture  being  thus  opened  into  stellar  space. 

At  sunset  on  Thursday  the  denser  clouds  were  fiercely 
I  fringed,  while  through  the  lighter  ones  seemed  to  issue 
I  the  glow  of  a  conflagration.  On  Friday  morning  we 
■Mjigbted  Cape  Finisterre — the  extreme  end  of  the  arc  which 
Pwreeps  from  Ushant  round  the  Bay  of  Biscay,  ('aim  spaces 
of  blue,  in  which  floated  quietly  scraps  of  cumuli,  were 
behind  us,  but  in  front  of  us  was  a  horizon  of  portentous 
darkness.  It  continued  thus  threatening  througliout  the 
day.  Towards  evening  the  wind  strengthened  to  a  gale, 
and  at  dinner  it  was  diflBcult  to  preserve  the  plates  and 
dishes  from  destruction.  Our  thinned  company  hinted 
that  the  rolling  had  other  consequences.  It  was  very  wild 
when  we  went  to  bed.     I  slumbered  and  slept,  but  a^w 
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some  time  was  rendered  anxiously  conscious  that  my  ho 
bad  become  a  kind  of  projectile,  witli  the  ship's  side 
for  a  target.  I  gripped  the  edge  of  my  berth  to  ave 
myself  from  being  tlirmvn  out.  Outside,  I  coidd  hear 
somebody  say  that  be  liad  been  thrown  from  his  berth, 
and  sent  spinning  to  the  otlier  side  of  the  saloon.  Tlte 
screw  laboured  violently  amid  the  lurching  ;  it  incessantlj 
quitted  (be  water,  and,  twirling  in  the  air,  rattled  against 
its  bearings,  and  caused  the  ship  to  shudder  from  stem  to 
stem.  At  times  the  waves  struck  us,  not  with  the  soft 
impact  which  might  be  expected  from  a  liquid,  but  with 
the  sudden  solid  sliock  of  battering-rams.  '  No  man 
knows  the  force  of  water,'  said  one  of  the  officers, '  until 
he  has  experienced  a  storm  at  sea.'  These  blows  followed 
each  other  at  quicker  intervals,  the  screw  rattling  after 
each  of  them,  until,  finally,  the  delivery  of  a  heavier 
stroke  than  ordinary  seemed  to  reduce  the  saloon  to  chaos. 
Furniture  crashed,  glasses  rang,  and  alarmed  enquiries 
immediately  followed.  Amid  the  noises  I  heard  one  note 
of  forced  laughter;  it  sounded  very  ghastly.  Men 
tramped  through  the  saloon,  and  busy  voices  were  heard 
aft,  as  if  something  there  had  gone  wrong. 

I  rose,  and  not  without  difliculty  got  into  my  clothes. 
In  the  after-cabin,  under  the  superintendence  of  the  able 
and  energetic  navigating  lieutenant,  Mr.  Brown,  a  group 
of  blue-jackets  weie  working  at  the  tiller-ropes.  These 
had  become  loose,  and  the  helm  refused  to  answer  the 
wheel.  High  moral  lessons  might  be  gained  on  shipboard, 
by  observing  what  steadfast  adherence  to  an  object  c»n 
accomplish,  and  what  large  effects  are  heaped  up  by  the 
addition  of  infinitesimals.  The  tiller-rope,  as  the  blue- 
jackets strained  in  concert,  seemed  hardly  to  move  ;  still 
it  did  move  a  little,  imtil  finally,  by  timing  the  pull  to 
the  lurching  of  the  ship,  the  mastery  of  the  rudder  was 
obt»'      ■      "  ^ad  previously  gone  on  deck. 
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saloon-door  were  a  few  members  of  the  eclipse  party,  who 

seemed  in  no  mood  for  scientific  observation.     Nor  did  I ; 

^mt  I  wished  to  see  the  storm.     I  climbed  the  steps  to  the 

^■op,  exchanged  a  word  with  Captain   Tojnbee,  the  only 

Member  of  the  party  to  be  seen  on  the  poop,  and  by  his 

direction  made  towards  a  cleat   not  far  from  the  wheel.' 

Round  it  I  coiled  my  arms.     With  the  exception  of  the 

men  at  the  wheel,  who  stood  as  silent  as  corpses,  I  was 

■kme. 

^V  I  bad  seen  grandeur  elsewhere,  but  this  was  a  new 
form   of  grandeur   to  me.      The  '  Urgent '  is  long  and 
narrow,  and  durinj^  our  expedition  she  lacked  the  steady- 
ing influence  of  sufficient  ballast.     She  was  for  a  time 
practically  rudderless,  and  lay  in  the  trough  of  the  sea.     I 
could  see   the  long  ridges,  with  some  hundreds  of  feet 
between   their   crests,    rollitig   upon   the   ^bip   perfectly 
panxllel  to  her  sides.     As  they  approached,  they  so  grew 
lipon  the  eye  as  to  render  the  expression  '  mountains  high ' 
Intelligible.     At  all  events,  there  was  no   mistaking  their 
mechanical    might,    as    they  took  the  ship    upon   their 
shoulders,  and   swung  her  like  a  pendulum.     The  deck 
sloped  sometimes  at  an  angle  which  I  estimated  at  over 
forty-five  degrees ;  wanting  ray  previous  Alpine  practice, 
I  should  have  felt  less  confidence  in  my  grip  of  the  cleat. 
Here  and  there  the  long  rollers  were  tossed  Jvy  interference 
^j^    heaps  of  greater  height.      The  wind   caught   their 
^Bets,  and  scattered  them  over  the  sea,  the  whole  surface 
^B  which  was  seething  white.     The  aspect  of  the  clouds 
^■kB  a  fit  accompaniment  to  the  fury  of  the  ocean.     The 
HpK>n  waa  almost  fidl — at  times  concealed,  at  times  re- 
vealed, as  the  scud  flew  wildly  over  it     These  things  ap- 
pealed to  the  eye,  while  tlie  ear  was  filial  by  the  groaning 
of  the  screw  and  the  whistle  and  boom  of  the  storm. 


The  eUftt  >•  a  T-ihAp«d  maaa  of  metal  employed  for  the  iaitening  of 
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Nor  was  the  outward  agitation  the  only  object  M 
interest  to  me.  I  was  at  once  auhject  and  object  to  myself, 
and  watched  with  intense  interest  the  wnrkings  of  my  own 
mind.  The  '  Urgent '  is  an  elderly  ship.  She  had  \M-^a 
built,  I  was  told,  by  a  contracting  firm  for  some  foreign 
Government,  aud  had  been  diverted  from  her  first  purpotc 
when  converted  into  a  '  '  '        She  had  been  for  gome 

time  out  of  work,  ant  |d  that  one  of  her  boilen, 

at  least,  needeti  repai:  Iftnty  but  excellent  crew, 

moreover,  did  not  bel  *  Urgent,'  but  had  beeo 

gathered  from  other  r  three  lieutenaote  w«e 

also  volunteers.     All  swiftly  through  my  mind 

as  the  steamor  shook  i  lows  of  the  waves,  and  I 

thought  that  prolmblj  n  board  could  say  how 

much  of  tills  thumping  ana  siiaming  the  '  Urgent*  would 
be  able  to  bear.  This  uncertainty  caused  me  to  look 
steadily  at  the  worst,  and  I  tried  to  streugtben  myself 
in  the  face  of  it. 

But  at  length  the  lielm  laid  hold  of  the  water,  and  the 
ship  was  got  gradually  rouiid  to  face  the  waves.  The 
rolling  diminished,  a  certain  amount  of  pitching  taking 
its  place.  Our  speed  had  fallen  from  eleven  knots  to  two, 
I  went  again  to  bed.  After  a  space  of  calm,  when  we 
seemed  crossing  the  vortex  of  a  storm,  heavy  tossing  re- 
commenced. I  was  afraid  to  allow  myself  to  fall  asleep, 
as  my  herth  was  high,  and  to  be  pitched  out  of  it  might 
l)e  attended  with  bruises,  if  not  with  fractures.  From 
Friday  at  noon  to  Saturday  at  noon  we  accomplished  sixty- 
six  miles,  or  an  average  of  less  than  three  miles  an  hour. 
I  overheard  the  sailors  talking  about  this  storm.  The 
'  Urgent,'  according  to  those  that  knew  her,  had  never 
previously  experienced  anything  like  it.' 

'  Tluro  is,  it  will  bo  soon,  a  fair  agreement  between  these  impressions 
and  those  so  rigorously  described  by  a  scientific  correspondent  of  the 
'  Times.' 
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All  through  Saturday  the  wind,  though  somewhat 
sobered,  blew  dead  against  iis.  The  atmospheric  effects 
were  exceedingly  fine.  The  cumuli  resembled  mountains 
in  shape,  and  their  peaked  summits  shone  as  white  as 
Alpine  snows.  At  one  place  this  resemblance  was  greatly 
strengthened  by  a  vast  area  of  cloud,  uniformly  illuminated, 
and  lying  like  a  nevS  below  the  peaks.  From  it  fell  a 
kind  of  cloud-river  strikingly  like  a  glacier.  The  horizon 
at  sunset  was  remarkable — spaces  of  brilliant  green  between 
clouds  of  fiery  red.  Rainbows  had  been  frequent  through- 
out the  day,  and  at  night  a  perfectly  continuous  lunar 
bow  spanned  the  heavens  from  side  to  side.  Its  colours 
were  feeble ;  but,  contrasted  with  the  black  ground  against 
which  it  rested,  its  luminousnesa  was  extraordinary. 

Sunday  morning  found  us  opposite  to  Lisbon,  and  at 
midnight  we  roimded  Cape  St.  Vincent,  where  the  lurch- 
ing seemed  disposed  to  recommence.  Through  the  kind- 
ness of  lieutenant  Walton,  a  cot  had  been  sluug  for  me. 
It  hung  between  a  tiller-wheel  and  a  flue,  and  at  one  a.m. 
I  was  roused  by  the  banging  of  the  cot  against  its  boun- 
daries. But  the  wind  was  now  behind  us,  and  we  went 
along  at  a  speed  of  eleven  knots.  We  felt  certain  of 
reaching  Cadiz  by  three.  But  a  new  lighthouse  came  in 
sight,  wiiich  some  affirmed  to  be  Cadiz  Lighthouse,  while 

ie  surrounding  houses  were  declared  to  be  Cadiz  itself. 

>ut    of  deference   to   these   statements,   the  navigating 
lieutenant  changed  his  course,  and  steered  for  the  place. 

.  pilot  came  on  board,  and  he  informed  us  that  we  were 
fore  the  mouth  of  the  Guadalquivir,  and  that  the  light- 

;>U8e  was  that  of  Cipiuua.     Cadiz  was  still  some  eighteen 
miles  distant. 

We  steered  towards  the  city,  hoping  to  get  into  the 
harbour  before  dark.  But  the  pilot  was  snapped  up  by 
another  vessel,  and  we  did  not  get  in.  We  beat  about 
during  the  night,  and  in  the  morning  found  ourseVse% 
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about  fifteen  miles  from  Cadiz.     The  sun  rose  behind  the 
city,  and  we  steered  straiglit  into  the  light.     The  thn 
towered    cathedral    stood    in    the   midst,    round   whi 
swarmed  apparently  a  multitude  of  chimney-stacks, 
nearer  approach  showed  the  chimneys  to  be  small  turrel 
A  pilot  was  taken  on  board  ;  for  there  is  a  dangeroi 
shoal  in  the  harbour.     The  appearance  of  the  town  as  t 
siin  shone  upon  its  white  and  lofty  walls  was  sing-ularlf 
beautiful.     We    east   anchor ;  some    officials  arrived  and 
demanded  a  clean  bill  of  health.     We  had  none.     They 
would  have  nothing;  to  do  with  us ;  so  the  yellow  quaran- 
tine flag  was  hoisted,  and  we  waited  for  pennission  to  land 
the   Cadiz   party.     After  some  hours'  delay  the  English 
consul  and  vice-consul  came  on  board,  and  with  them  a 
Spanish    officer   ablaze  with  gold   lace    and    decorations. 
Under  slight  pressure  the  requisite  permission  had  been 
granted.     We   landed   our  party,  and   in    the  afternoon 
weighed  anchor.     Thanks  to  the  kindness  of  our  excellent 
paymaster,  I  was  here  transferred  to  a  roomier  berth.        ^M 
Cadiz  soon  sank   beneath  the  sea,  and  we  sighted  io^ 
succession  Cape  Trafalgar,  Tarifa,  and  the  revolving  light 
of  Ceuta.     The  water  was  very  calm,  and  the  moon  rose 
in  a  quiet  heaven.     She  swung  with  her  convex  surfi 
downwards,   the   common   boimdary   between   light   ai 
shadow    Iveing  almost  horizontal.     A  pillar  of  refl© 
light  shimmered  up  to  us  from  the  slightly  rippled  sea.' 
I  had  previously  noticed  the  phosphorescence  of  the  water, 
but  to-night  it  was  stronger  than  usual,  especially  among 
the  foam  at  the  bows.     A  bucket  let  down  into  the  s 
brought  up  a  number  of  the  little  sparkling  organis; 
which  caused  the  phosphorescence.  I  caught  some  of  them 
in  my  hand.     And  here  an  appearance  was  observed  which 
was   new  to  most  of  us,  and  strikingly  beautiful  to  all. 
Standing  at  the  bow  and  looking  forwards,  at  a  distance 
of  forty  or  fifty  yards  from  the  ship,  a  number  of  luminouB 


VOYAGE   TO   ALGERIA. 


10.3 


ers  were  seen  rushing  towards  us.  On  nearing  the 
I  they  rapidly  turned,  like  a  comet  round  its  peri- 
m,  placed  themselves  side  by  side,  and,  in  parallel 
of  light,  kept  up  with  the  ship.  One  of  them  placed 
right  in  front  of  the  bow  as  a  pioneer.  These  comets 
e  sea  were  joined  at  intervals  by  otliers.  Sometimes 
y  as  six  at  a  time  would  rush  at  us,  bend  with  extra- 
aiy  rapidity  roimd  a  sharp  curve,  and  afterwardn 
us  company.  I  leaned  over  the  bow,  and  t<canned 
streamers  closely.  The  frontal  portion  of  each  of 
revealed  the  outline  of  a  porpoise.  The  rush  of 
reatures  through  the  water  had  started  the  phospho- 
ce,  every  spark  of  which  was  converted  by  the 
on  of  the  retina  into  a  line  of  light.  Each  porpoise 
thus  wrapped  in  a  luminous  sheath.  The  phospho- 
ce  did  not  cease  at  the  creature's  tail,  but  was 
ed  many  porpoise-lengths  behind  it. 
'o  our  right  we  had  the  African  hills,  illuminated  by 
moon.  GibraJtiir  Ii(iek  at  length  became  visible,  but 
le  town  remained  long  bidden  by  a  belt  of  haze.  Through 
is  at  length  the  brighter  lamps  struggled.  It  was  like 
e  gradual  resolution  of  a  nebula  into  stars.  As  the  in- 
rvening  depth  became  gradually  less,  the  mist  vanished 
ore  and  more,  and  tinally  all  the  lamps  shone  through 
They  formed  a  bright  foil  to  the  sombre  mass  of  ruck 
ove  them.  The  sea  was  so  calm  and  the  scene  so  lovely 
at  Mr.  Huggins  and  myself  stayed  on  deck  till  the  siiip 
ts  moored,  near  midnight.  During  our  walking  to  and 
>  a  striking  enlargement  of  the  disk  of  Jupiter  was  ob- 
rvcfl,  whenever  the  heated  air  of  the  funnel  came  be- 
Md  U3  and  the  planet.  On  passing  away  from  the 
ated  air,  the  flat  dim  disk  would  immediately  shrink  to  a 
minous  point.  The  eSect  was  one  of  visual  persistence. 
16  retinal  image  of  the  planet  was  set  quivering  in 
azimuths  by  the  streams  of  heated  air,  describivi^  va 
o 
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quick  succession  minute  lines  of  light,  which  siunnied 
themselves  to  a  disk  of  sensible  area. 

At  six  o'clock  nest  moniing,  the  gun  at  tJxe  Signal 
Station  on  tlie  summit  of  the  rock,  boomed.  At  eight  thf 
band  on  board  the  '  Trafalgar '  trainiDg-^hip,  which  wis 
in  the  harbour,  struck  up  the  national  anthem ;  and  im- 
mediately afterwa  '  '  "  mite  like  cadets  swarmed 
up  the  rip:^ng.  oioval  of  the  appuatus 
belonging  to  the  tfly  we  went  on  dion-. 
Winter  was  in  En  left,  but  here  we  had  the 
warmth  of  summei  aoo  was  luxuriant— palxn- 
trees,  cactuses,  an  laze  with  scarlet  flowers. 
A  visit  to  tlie  Gove  9ed,  m  an  act.  of  neoessarj 
courtesy,  and  I  ao  Imiral  Ommaoey  and  Mr. 
Hugging  to  '  the  Convene  oi^  uJovemment  House,  We 
sent  in  our  fard;:,  waitcMj  for  a  time,  and  were  then  con- 
ducted by  nn  orderly  to  his  Excellency.  He  is  a  fine  old 
man,  over  sis  feet  liigh,  and  of  frank  military  bearing. 
He  received  us  and  conversed  with  u*  in  a  \'erT  genial 
manner.  He  took  us  to  see  his  garden,  his  palms,  his 
shaded  proniimades,  and  his  orange-trees  loaded  withfiruit, 
in  all  of  wldoh  he  took  manifest  delight.  Evidently  'tLe 
liero  of  Kars '  liad  fallen  upon  ijuartors  after  his  owa 
heart.  He  appeared  full  of  good  nature,  and  engaged  iis 
on  the  spot  to  dine  with  him  that  day. 

We  sought  the  town-major  for  a  pass  to  visit  the  lines. 
While  awaiting  his  arrival  I  purchased  a  stock  of  white 
glass  bottles,  with  a  view  to  experiments  on  the  colour  of 
the  sea.  Mr.  Huggins  and  myself,  who  wished  to  see  the 
rock,  wore  taken  by  Captain  Salmond  to  the  library,  where 
a  model  of  Gibraltar  is  kept,  and  where  we  had  a  capital 
preliminary  lesson.  At  the  library  we  met  Colonel 
Maberly,  a  courteous  and  kindly  man,  who  gave  us  good 
advice  regarding  our  excursion.  He  sent  an  orderly  with 
us  to  the  entrance  of  the  lines.  The  orderly  banded  us 
orer  to  an  intelligent  liis^imiavi,  ^\vo  -^a.*  ^Mec\jeA.\»  •s.VifttR 
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us  everything  that  we  desired  to  see,  and  to  hide  nothing 
trom  us.  We  took  the  '  upper  line,'  traversed  the  galleries 
hewn  through  the  limestone;  looked  through  the  embra- 
suresi.  which  opened  like  doors  in  the  precipice,  towards 
the  hills  of  Spain  ;  reached  St.  George's  Hall,  and  went 
still  higher,  emerging  on  the  summit  of  one  of  the  noblest 
cliffs  I  have  ever  seen. 

Beyond  were  the  Spanish  lines,  marked  by  a  line  of 
white  sentry-boxes ;   nearer  were  the  English   lines,  less 

-nicuously  indicate<:l ;  and  l)etween  both  was  neutral 
^.  lud.  Behind  the  Spanish  lines  rose  the  conical  hill 
called  the  Queen  of  Spain's  Chair.  The  general  aspect  of 
Spain  from  the  rock  is  bold  and  rugged.  Doubling  back 
from  the  galleries,  we  struck  vipwards  towards  the  crest, 
reached  the  Signal  Station,  where  we  indulged  in  '  shandy- 
gafi" '  and  bread  and  cheese.  Thence  to  O'Hara's  Tower, 
the  highest  point  of  the  rock.  It  was  built  by  a  former 
Governor,  who,  forgetfid  of  the  laws  of  terrestrial  curva- 
ture, thought  he  might  look  from  the  tower  into  the  port 
of  Cadiz.  The  tower  is  riven,  and  it  may  be  climbed  along 
the  edges  of  the  crack.  We  got  to  the  top  of  it ;  thence 
deeoended  the  curious  Mediterranean  Stair — a  zigzag, 
mostly  of  steps  down  a  steeply  falling  slope,  amid  palmetto 
brush,  aloes,  and  prickly  pear. 

Passing  over  the  Windmill  Hill,  we  were  joined  at  the 
'  Governor's  Cottage '  by  a  car,  and  drove  afterwards  to 
(lie  lighthouse  at  Europa  Point*  The  tower  was  built,  I 
lit'lieve,  by  Queen  Adelaide,  and  it  contains  a  fine  dioptric 
apparatus  of  the  first  order,  constructed  by  Messrs.  Chance, 
of  Birmingham.  At  the  appointed  hour  we  were  at  the 
Convent.  During  dinner  the  same  genial  traits  which 
appeared  in  the  morning  were  still  more  conspicuous. 
The  freshness  of  the  Governor's  nature  showed  itself  best 
when  he  spoke  of  his  old  antagonist  in  arms,  Mouravieff. 
Chivalry  in  war  is  consistent  with  its  stem  ■pioaecuViou, 
o  a 
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These  two  men  were  chivalrous,  and  after  striking  the 
last  blow  lj<;camo  fiends  for  ever.  Our  kind  and  cour- 
teous reception  at  Gibraltar  h  a  thing  to  be  remembered 
with  pleasure. 

On  December  15  we  committed  ourselvea  to  tJM 
MediterraueaiJ.  The  vkws  of  tribraltar  with  which  m 
are  most  acquain*"^  '  it  as  a  huge  ridge;  Imt 

its  aspect,  end  on,  ^fipanuh  lines  and  from 

the  other  side,  is  '  mewe  is  a  sloping  bank  of 

sand  at  the  Ijack  which  I  was  disposed  to 

regard  simply  as  I  be  limest^tne.     I  wished 

to  let  myself  dowi  had  not   the  time.     My 

friend  Mr.  Bosk,  1  »  me  that  it  is  silica,  and 

that  the  same  sand  a  adjacent  neutral  ground. 

There  are  theories  auirau  .^  ^  ..^^  having  been  blown  from 
Sahara.  The  Mediterranean  tliroughoiit  this  first  tlay, 
and  indeed  throuffhout  the  entire  voyage  to  Gran,  was  of 
a  less  derp  blue  than  the  Atlaolie.  Possibly  the  quantity 
of  organisms  may  have  modified  the  colour.  At  nigbt 
the  phosphorescence  was  startling,  breaking  with  the 
suddenness  of  a  snapped  spring  along  the  crests  of  the 
waves  formed  by  the  port  and  starboard  bows.  Its  strength 
was  not  uniform.  Having  flashed  brilliantly  for  a  time,  it 
would  in  part  subside,  and  afterwards  regain  its  vigour. 
Several  large  phosphorescent  masses  of  weird  appearance 
also  floated  past. 

On  the  moniing  of  the  16th  we  sighted  the  fort  and 
lighthouse  of  Marsa  el  Kibir,  and  beyond  them  the  white 
walls  of  Oran  lying  in  the  bight  of  a  bay,  sheltered  by 
dominant  hills.  The  sun  was  shining  brightly ;  durinc 
our  whole  voyage  we  had  not  had  so  fine  a  day.  The 
wisdom  which  had  led  us  to  choose  Oran  as  our  place  of 
observation  seemed  demonstrated.  A  rather  excitable 
pilot  came  on  board,  and  he  guided  us  in  behind  the  Mole, 
which  had  suffered  much  damage  last  year  from  an  unex- 
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ined  outburst  of  waves  from  the  Mediterranean.     Both 

it  and  bow  anchors  were  cast  in  deep  water.     With 

ee  huge  hawsers  the  Bliip's  stem  was  made  fast  to  three 

-pillars  fixed  in  the  Mole ;  and   here  for  a  time  the 

rested  from  her  labours. 
M.  Janssen,  who  had  rendered  his  name  celebrated  by 
ob8er\'ation8  of  the  eclipse  in  India  in  1868,  when  he 
wed  the  solar  flames  to  be  eruptions  of  incandescent 
rogen,   was  already  encamped  in   the   open   country 
ut  eight  miles  from  Oran.     On  December  2  he  had 
quitted  Paris  in  a  balloon,  with   a  strong  young   sailor 
as  his  assistant,  had  descended  near  the  mouth  of  the 
Loire,  seen   M.   Gambetta,  and  received   from    him    en- 
couragement and  aid.     f)n  the  day  of  oiu- arrival  his  en- 
cjimpment  was  visited  by  Mr.  Huggins,  and  the  kind  and 
courteous  Engineer  of  the  Port  drove  me  subsequently,  in 
his  own  phaeton,  to  the  place.     It  bore  the  best  repute  as 
regards  freedom  from  haze  and  fog,  and  commanded  an 
n  outlook  ;  but  it  was  inconvenient  for  us  on  accoimt 
it«  distance  from  the  ship.   The  place  next  in  repute  was 
le  railway  station,  between  two  and  three  miles  distant 
the  Mole.      It  was  inspected,  but,   being  enclosed, 
was  abandoned  for  an  eminence  in  an  adjacent  garden,  the 
property   of  Mr.   Hinshelwood,   a   Scotchman   who    had 
^Hktled   some  years   previously  as  an  Esparto  merchant 
'  in  Oran.'     He,  in  the  most  lil^eral  manner,  placed  his 
ground  at  the  disposition  of  the  party.     Here  the  tenta 
I  were  pitched,  on  the  Saturday,  by  Captain  Salmond  and 
^^m  intelligent  corps  of  sappers,  the  instruments   being 
Erected  on  the  Monday  under  cover  of  the  tents. 

Close  to  the  railway  station  runs  a  new  loopholed  wall 

defence,  through  which  the  highway  passes  into  the 

coimtry.     Standing  on  the  highway,  and  looking 
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southwards,  about  twenty  yards  to  tbe  right  is  a  small 
bastionet,  intended  to  carry  a  gun  or  two.  Its  ro^f  I 
thought  would  form  an  admirable  basis  for  my  telescope, 
while  the  view  of  the  suTTOunding  country  was  unimpeded 
in  all  directions.  The  authorities  kindly  allowed  toe  the 
use  of  this  bastionet.     Two  men,  one  a  blue-jacket  natnwl 


Elliot,  and  tbe  otl 
my  disposal  by  Li 
Monday  morning  ] 
ment  was  new  to 
spent  in  mastering 
Mr.  Hugglna  j 
Arab  quart  (?r  of  Q 
very  clean  and  whit 


med  Hill,  were  placed  nt 
|dd  ;  and,  thus  aided,  oo 

I  telescope.  The  ingtrii- 
llours  of  discipline  were 
I  of  its  manipulation. 
I  we  visited  together  tb« 
rroofed  houses  appeared 
was  filled  with  loiterers. 


and  the  thresholds  were  occupied  by  picturesque  groups. 
Some  of  the  men  were  very  fine,  ^^'e  saw  many  straight, 
manly  fellows  who  must  have  been  six  feet  four  in  height. 
They  passed  us  with  perfect  indifference,  evincing  no 
anger,  suspicion,  or  curiosity,  hardly  caring  in  fact  to 
glance  at  us  as  we  passed.  In  one  instance  only  during 
my  stay  at  Oran  was  I  spoken  to  by  an  Arab.  He  was  a 
tall,  good-humoured  fellow,  wlio  came  smiling  up  to  me, 
and  muttered  something  about  '  les  Anglais.'  The  mixed 
population  of  Oran  is  picturesque  in  the  highest  degree : 
the  Jews,  rich  and  poor,  varying  in  their  costumes  as  their 
wealth  varies  ;  the  Arabs  more  picturesque  still,  and  of  all 
shades  of  complexion — the  negroes,  the  Spaniards,  the 
French,  all  grouped  together,  and  each  preserving  their 
own  individuality,  formed  a  picture  intensely  interesting 
to  me. 

On  Tuesday,  the  20th,  I  was  early  at  the  bastionet. 
The  night  had  been  very  squally.  The  sergeant  of  the 
sappers  took  charge  of  our  key,  and  on  Tuesday  morning 
Elliot  went  for  it.  He  brought  back  the  intelligence  that 
the  tents  had  been  blown  down,  and  the  instruments  over- 
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rned.     Among  these  was  a  large  aud  valuable  equato- 

ll   from  the  lioyal  Observatory,  Greenwich.     It  seemed 

ly  possible  that  this  instrument,  with  its  wheels  and 

aiers   and    delicate  adjustments,   could    have  escaped 

linjured  from  such  a  Ml.     This,  however,  was  the  case ; 

during  the  day  all  the  overturaed  instruments  were 

stored  to  their  places,  and   found   to   Ije   in  practical 

irking  order.     This  and  the  following  day  were  devoted 

incessant  schooling.     I  hud  come  out  as  a  general  star- 

Bf,  and  not  with  the  intention  of  devoting  myself  to 

observation  of  any  particular  phenomenon.     I  wished 

to  see  the  whole — the  first  contact,  the  advance  of  the 

moon,  and  the  successive  swallowing  up  of  the  solar  spots, 

the  breaking  of  the  last  line    of  crescent  by  the  lunar 

mountains  into  Bailey's  beads,  the  advance  of  the  shadow 

■Mhrough   the  air,  the  apj>earance  of  the  corona  and  pro- 

^Hdnences  at  the  moment  of  totiility,  the  radiant  streamers 

^Hthe  corona,  the  internal  structure  of  the  fiames,  a  glance 

'    through  a  polariscope,  a  sweep  round  the  landscape  witli 

tiie  naked  eye,  the  reappearance  of  the  solar  limb  througli 

Bailey's   beads,  and,   finally,   the    retreat    of  the  lunar 

shadow  through  the  air. 

I  was  provided  with  a  telescope  of  admirable  definition, 

I    mounted,  adjusted,  packed,  and  most  liltenilly  placed  at 

^wr  disposal  by  Mr.  Warren  De  La  Rue.     The  telescope 

^grasped  the  whole  of  the  sun,  and  a  considctrable  portion  of 

^Uie  space  surrounding  it.     But  it  would  not  take  in  the 

^Htreme  limits  of  the  corona.     For  this  I  had  lashed  on 

^B>  the  large  telescope  a  light  but  powerful  instnunent, 

^^onstnicted  by  lioss,  and  lent  to  me  by  Mr.  Huggins.     I 

was  also  furnished  witli  an  excellent  binocular  by  Mr. 

Dallmeyer.      In   fact,   no   man   could   have   l^een   more 

efficiently  supported.     It  required  a  strict  parcelling  out 

of  the  interval  of  totality  to  embrace  in  it  (he    entire 

series  of  observations.     These,  while  the  buq  tevaaLme 
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visible,  were  to  be  made  with  an  tm«flvered  diagonal  eye- 
piece, whic'li  reilected  but  a  small  fraction  of  the  sun'j 
light,  tliis  fraetinn  being  still  further  toned  down  by  a 
dark  glass.  At  the  moment  of  totality  the  dark  glaa 
was  to  be  removed,  and  a  silver  reflector  pushed  in,  sq  oi 
to  get  the  maximum  of  light  from  the  corona  and  pro- 
minences. The  t  was  distributed  ae  fol- 
lows :                     '                          f 

totnlitT. 


1. 

Oliservc  ftp 

tout'h  the  air 

2. 

Tok^SiCOtKl 

10  «oriJiiJa. 

3. 

Klinlrr 

10  (ocoDik, 

4. 

It.  Ill  fill-  inui 

16  Bocaads. 

5. 

N;ik«>d  eye 

!0  tteaaSa, 

6. 

FiriJer  or  W 

Mwcmviii. 

7. 

Ti?!t'iti;oj.ie     , 

to  tVCUBlll. 

8. 

01"^t.'r\"u  ri3tii3.. 

In  our  rehearsals  Elliot  stood  beside  me,  watch  in 
hand,  and  furnished  with  a  lantern.  He  called  out  at  the 
end  of  each  interval,  while  I  moved  from  telescope  to 
finder,  from  finder  to  polariscope,  from  polariscope  to 
naked  eye,  from  naked  eye  back  to  finder,  from  finder  to 
telescope,  al)andoning  the  instrument  finally  to  observe 
the  retreating  shadow.  All  this  we  went  over  twenty 
times,  while  looking  at  the  actual  sun,  and  keeping  him 
in  tlie  middle  of  the  field.  It  was  my  object  to  render 
the  rei)cf  itii)n  of  the  lesson  so  mechanical  as  to  leave  no 
room  for  flurry,  forgetfulness,  or  excitement.  Volition 
was  not  to  be  called  upon,  nor  judgment  exercised,  but  a 
well-beaten  path  of  routine  was  to  be  followed.  Had  the 
opportunity  occurred,  I  think 'the  programme  would  have 
been  strictly  carried  out. 

But  the  opportunity  did  not  occur.  For  several  days 
the  w/ather  had  been  ill-natured.  We  had  wind  so  strong 
as  to  render  the  hawsers  at  the  stem  of  the  '  Urgent '  as 
rigid  as  iron,  and  to  destroy  the  navigating  lieutenant's 
sleep.     We  had  clouds,  a  thunder-storm,  and  some  rain. 
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till  the  hope  was  held  out  that  the  atmosphere  would 
iJeanse  itself,  and  it'  it  did  we  were  promised  air  of 
rtraordinary  limpidity.  Early  on  the  22nd  we  were 
at  our  posts.  Spaces  of  blue  in  the  early  morning 
ive  us  some  encouragement,  hut  nil  depended  on  the  re- 
Ition  of  these  spaces  to  the  surrounding  clouds.  Which 
them  were  to  grow  as  the  day  advanced  ?  The  wind 
high,  and  to  secure  the  steadiness  of  my  instrument 
J-was  forced  to  retreat  l)ehind  a  projection  of  the  bastionet, 
ce  stones  upon  its  stand,  and,  further,  to  avail  myself 
of  the  shelter  of  a  sail.  My  practised  men  fastened  the 
fcil  at  the  top,  and  loaded  it  with  hotdders  at  the  bottom. 
was  tried  severely,  but  it  stood  firm. 
The  clouds  and  blue  spaces  fought  for  a  time  with 
varying  success.  The  sun  was  hidden  and  revealed  at  in— J 
tervals,  hope  oscillating  in  synchronism  with  the  changes  i 
of  the  sky.  At  the  moment  of  first  contact  a  dense  cloud 
tervened ;  but  a  minute  or  two  afterwards  the  cloud 
id  passed,  and  the  encroachment  of  the  black  body  of 
He  moon  was  evident  upon  the  solar  disk.  The  moon 
irched  onward,  and  I  saw  it  at  frequent  intervals ;  a 
rge  group  of  spots  were  approached  and  swallowed  up. 
iibsequently  I  caught  sight  of  the  lunar  limb  as  it  cut 
trough  the  middle  of  a  large  spot.  The  spot  was  not  to 
distinguished  from  the  moon,  but  rose  like  a  mountsiin 
above  it.  The  clouds,  when  thin,  could  be  seen  as  grey 
scud  drifting  across  the  black  suiface  of  the  moon ;  but 
bey  thickened  more  and  more,  and  made  the  intervals  of 
iearness  scantier.  Dm-ing  these  moments  I  watched  with 
an  interest  bordering  upon  fascination  the  march  of  the 
Iver  sickle  of  the  sun  across  the  field  of  the  telescope. 
was  so  sharp  and  so  beautiful.  No  trace  of  the  lunar 
limb  could  be  observed  beyond  the  sun's  boundary.  Here, 
indeed,  it  could  only  be  relieved  by  the  corona,  which 
was  utterly  cut  off  by  the  dark  glass.     The  blackness  oC 
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rhe  moon  bejriod  the  sun  ma,  in  fiwt,  eonfoimded  wilii 
the  blaokrifsji  .>f  s{Miicv 

Beside  nie  wu  Bitot  witii  the  waldk  and  latttera,  wbik 
Lieutenanr  A-^her,  of  tl»  B<mJ  Engineen,  Ind  the  Iduii- 
ne^s  to  tak>?  chargs  of  anf  imtohnnk.  I  mentioned,  sod 
he  wrote  r.ipbilj  dowB,  mA  ttiBga  w  «M!n>ed  worthj  of 
remembrance.     T  ~      '     nd  muad  w^rc  entirely 

free  ;  hut  it  -was  a.  A  pitch  of  sunligliC  fell 

and    re^teii    apoa  Immd'  atlliB   awmr.      It 

was  the  onlv  iUa  Uain  view.     But  to  tiw 

north-west   tbere  |e  of  blue  vhich  mi^ 

reach  us  ii.  tUD&  Linnntes  of  totality  an- 

other spao-  towai  ww^ot'  tcij  dark.    T)t« 

atmo-pher^  was,  tkm  brink  of  a  pndf  i 

pice:  it  was  ch&rgea  . -.. [itr.  wMch  required  b«t 

a  --liirht  chill  to  brinj  it  down  in  clouds.     This  was  tur- 
niiheti  V>v  the  withdrawal  of  the  s.>lar  beams;  the  clouds 
did  come  down,  o>vering  up  the  space  of  blue  on  which 
our  hopr?  had  so  l.ing  rested.     I  abandoned  the  telescope 
and   walketi  to  anil    fro,  like  a  caged   leopard.      As  the 
moment    of    totality    approached,    the   descent    towards 
darknes:*   was  as  oVuious    as   a  falling  stone.      I  looked 
t..wrird-  a  distant  ridi^e.  where  the  darkness  would  first 
ajip-ar.     At  the  moment  a  fan  of  beams,  issuing  from  the 
hidden  sun,  was  spread  out  over  the    southern  heavens. 
Tht.:-f-  beams  are  bars  of  alternate  light  and  shade,  pro- 
duced   in    illuminated    Jiaze  bv  the  shadows  of   floating 
f-loudlets  of  varying  density.     The  beams  are  practically 
I  nrallel,  but  by  an  efl"ect  of  perspective  they  appear  diver- 
L'eiit,  having  the  sun,  in  fact,  for  their  point  of  converg- 
f  noe.     The  darkness  took  ]»ssession  of  the  ridge  referred 
to,  lowerrtl  upon  M.  Janssen's  observatory,  passed  over  the 
southern  heavens,  blotting  out  the  beams  as  if  a  sponge 
had  l*en  drawn  acniss  them.     It  then  took  possession  of 
three  spaces  of  blue  sky  in  the  south-eastern  atmosphere. 
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in  looked  towards  the  ridge.  A  glimmer  as  of  day- 
iwn  was  behind  it,  and  immediately  afterwards  the  fan 
of  beams,  which  had  been  for  more  than  two  minutes 
absent,  re\-ived.  The  eclipse  of  1870  had  ended,  and,  as 
fan  as  the  corona  was  concerned,  we  had  been  defeated. 

Even  in  the  heart  of  the  eclipse  the  darkness  was  by 
no  means  perfect.     Small  print  could  be  read.     In  fact, 
the  clouds  which  rendered  the  day  a  dark  one,  by  scat- 
tering light  into  the  shadow,  rendered  the  darkness  less 
intense  than  it  would  have  been  had  the  atmosphere  been 
without  cloud.      In  the  more  open  spaces  I  sought  for 
stars,  but  could  find  none.     There  was  a  lull  in  the  wind 
before  and   after  totjdity,  but    during   the    totality  the 
winil  was  strong.    I  waited  for  some  time  on  the  bastionet, 
hoping  to   get  a  glimpse  of  the  moon  on  the   opposite 
border  of  the  sun,  but  in  vain.     The  clouds  continued, 
I    and  gome  rain  fell.     The  day  brightened  somewhat  after- 
I    wards,  and,  having  packed  all  up,  in  the  sober  twilight 
^Hlr.  Crookes  and  myself  climbed  the  heights  above  the 
^^rt  of  Vera  Cruz.     From  this  eminence  we  had  a  very 
noble   view   over   the   Mediterranean   and    the   flanking 
African  hills.     The  sunset  was  remarkable,  and  the  whole 
tlook  exceedingly  fine. 
The  able   and  well-instructed  medical  officer  of  the 
rgent,'  Mr.  Goodman,  observed  the  foUovring  t^mpera- 
es  during  the  progress  of  the  eclipse : 

Hour  Dcg. 

12.43        .  61 

l.fi  .  62 


Hoar 

D^ 

11.46 

66 

11.66 

66 

1J.10 

64 

12.37 

68 

12.80 

52 

1.27 
1.44 
2.10 


83 
56 
67 


The  minimum  temperature  occurred  some  minutes  after 
itality,  when  a  slight  rain  fell. 
The  wind  was   so  strong  on  the  23rd  that  Captain 
Henderson    would   not   venture    out.     Guided   Xjy  ^x. 
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Gocidman,  I  vij^ited  a  csve  scooped  into  a  remarkable 
stratum  of  shell-bfeccia,  aod^  tbank^  to  my  guide,  secured 
iqaecimens.  Mr.  Busk  informs  me  that  a  precifiely  eimikr 
breccia  is  found  at  Gibmltar,  at  approximately  the  wme 
level.  During  the  sfteniooa.  Admiral  Ommaney  sad 
myself  drove  to  the  fort  of  Marsa  el  Kibir.  The  forti- 
fication is  of  ancii  loorish  arches  being  still 
there  in  decay,  h  tow  very  strong.  Aboot 
four  or  five  !mnd  f  dragoons  were  looking 
after  their  horses  t  lull  to  enable  them  to 
embark  for  Fran<  j^  officers  wae  wander- 
ing in  a  vt-ry  M  ftTer  the  fort.  We  had 
some  conversatior  Be  had  been  at  Sedan, 
had  been  taken  p  'effected  his  escape.  He 
shook  his  head  when  we  Bpuivc  ui'  the  termination  of  the 
war,  and  predicted  its  long  continuance.  There  was 
bitterness  in  his  tone  as  he  spoke  of  the  charges  of  treason 
so  liii:htly  levelled  against  French  commanders.  The  green 
waves  raved  round  the  promontory  on  which  the  fort 
stands,  smiting  the  rocks,  breaking  into  foam,  and  jump- 
ing, after  impact,  to  a  height  of  a  hundred  feet  and  more 
into  the  air.  On  our  return  our  vehicle  broke  down 
througli  the  loss  of  a  wheel.  The  Admiral  went  on  board, 
while  I  liung  long  over  the  agitated  sea.  The  little 
horses  of  Oran  well  merit  a  passing  word.  Their  speed 
and  endurance,  which  are  both  heavily  drawn  upon  by 
their  drivers,  are  extraordinary. 

Tlie  wind  sinking,  we  lifted  anchor  on  the  24th.  For 
some  hours  we  went  pleasantly  along ;  but  during  the 
afternoon  the  storm  revived,  and  it  blew  heavily  against 
us  all  the  night.  When  we  came  opposite  the  Bay  of 
Almeria,  on  the  25th,  the  captain  turned  the  ship,  and 
steered  into  the  bay,  where,  under  the  shadow  of  the 
Sierra  Nevada,  we  passed  Christmas  night  in  peace.  Next 
"lorning  '  a  rose  of  dawn  '  rested  on  the  snows  of  the  ad- 
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acent  mountains,  while  a  purple  haze  was  spread  over  the 
ower  hills.  I  bad  no  notion  that  Spain  possessed  so  fine 
i  range  of  mountains  as  the  Sierra  Nevada.  The  height 
s  considerable,  but  the  form  also  is  such  as  to  get  the 
maximum  of  grandeiu-  out  of  the  height.  We  weighed 
uichor  at  eight  a.m.,  passing  for  a  time  through  shoal 
irater,  the  bottom  having  been  evidently  stirred  up.  The 
Etdjacent  land  seemed  eroded  in  a  remarkable  manner. 
It  has  its  floods,  which  excavate  these  valleys  and  ravines, 
and  leave  those  singular  ridges  behind.  Towards  evening 
I  climbed  the  mainmast,  and,  standing  on  the  cross-trees, 
saw  the  sun  set  amid  a  bhize  of  fiery  clouds.  The  wind 
was  strong  and  bitterly  cold,  and  I  was  glad  to  slide  to 
the  deck  along  a  rope,  which  stretched  from  the  mast-head 
to  the  ship's  side.  That  night  we  cast  anchor  beside  the 
Mole  of  Gibraltar. 

On  the  morning  of  the  27th,  in  company  with  two 
Mends,  I  drove  to  the  Spanish  lines,  with  the  view  of  seeing 
the  rock  from  that  side.  It  is  an  exceedingly  noble  mass. 
The  Peninsular  and  Oriental  mail-boat  bad  l>een  sig- 
nalled and  had  come.  Heavy  duties  called  me  homeward, 
and  by  transferring  myself  from  the  '  Urgent'  to  the  mail- 
steamer  I  should  gain  three  days.  I  hired  a  boat,  rowed 
to  the  steamer,  learned  that  she  was  to  start  at  one,  and 
returned  with  all  speed  to  tlie  '  Urgent.'  Making  known 
to  Captain  Henderson  my  wish  to  get  away,  he  expressed 
doubts  as  to  the  possibility  of  reaching  the  mail-steamer 
in  time.  With  his  accustomed  kindness,  he,  however, 
placed  a  boat  at  my  disposiil.  Four  hardy  fellows  and  one 
of  the  ship's  officers  jumped  into  it ;  my  luggage,  hastily 
thrown  together,  was  tumbled  in  afterwards,  and  we  were 
immediately  on  our  way.  We  had  nearly  four  miles  to 
row  in  about  twenty  minutes ;  but  we  hoped  the  mail- 
boat  might  not  be  punctual.  For  a  time  we  watchefl  her 
anxiously ;  there  was  no  motion ;  we  came  nearer,  but  lVi« 


nucinT^  7  ariESUK. 


XSm  mea  put  forth 

I  If  tdht  «akortatioDs  of  the  offie^ 

mi  the  sn  rendered  the 

«S  we  were  rapidlr  a{ 

Jtt  log^  Ae  moved,  puBotiu 

,  at  feat  daaiVt  hn  soon  with  qoicl 

Bdte4Kleft»i»as  to  cot  across  b^ 

I  kBie  bnagfat  us  up 

ler  waved ht« e^  wd  I  bj  kat.     'If  th< 

■E.  tkgf  B^g^  ladL  te  ■•  in  a  moment 

■at  aea  a^  ar  if  Ckiy  dU,  tbev  paid  no ; 

I  BitaKacd  ta  the  *  U^geat,'  discoml^tr 

>  the  tee  Ubwa  wha  kad  wreogfat  so  Lard 


it.     The    fkr  darkened   and   beavj 

Pintte  Ikatiii  ■!■  were  at 

,  aad  the  kiiai  mi  eaartaaaa  GoTeroor 

cafda  to  the  ed^«  putv.    I  &ikd  in  mj  dut j  il 

|pii^.    Sc  Hifh^ft  Gave  u  aaid  te  liTal,  if  it  d 

MtRnral,  the  HiMiath  Cave  tt  KentackT.    On 

Meesrs.  Crookes,  Oupeater,  aad  myself,  gmded  b  v  a 

his  work,  explored  the 
1,100  feet  abore  the  tea. 
>  ap  to  it,  aad  fast  wec«  kd  into  an  apertnie 
il^  1^  rock,  at  aome  hai^t  above  the  tme  entrance  of  the 
In  this  ■fper  eavcsn  we  aw  some  tall  and  beauti- 
I  ttobetito  piUanL 

The  water  drips  &x>m  the  roof  charged  with  bicar- 

Mte  of  liak&     Frpowid  to  the  air,  the  carbonic  add 

It  escapes,  aad  the  simple  carbonate  of  lime,  whiek 

L  hardk  at  all  soluble  in  water,  deposits  itself  aa  a  solid, 

ag  stalactites  and  stabgmites.     Even  the  exposme 

chalk  itr  limeetoae  water  to  the  open  air  partially 

it.     A  ■spMimtm  of  the  Bedboume  water 


ter  emja^^ 
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y  Messrs.  Gnbam,  Miller,  and  Hofmann,  in  a  shallow 
win,  fell  from  eighteen  dejfrees  to  nine  degrees  of  hard- 
ess.  The  softening  process  of  Clark  is  virtually  a  has- 
sning  of  the  natural  process.  Here,  however,  instead  of 
eing  permitted  to  evaporate,  half  the  carbonic  acid  is 
ppropriated  by  lime,  the  half  thus  taken  up,  as  well  as 
le  remaining  half,  lieing  precipitated.  The  sojid  pre- 
ipitate  is  permitted  to  sink,  and  the  clear  supernatant 
quid  is  limpid  soft  water. 

We  returned  to  the  real  mouth  of  St.  Michael's  Cave, 

ich  is  entered  by  a  wicket.     The  floor  was  somewhat 

dy,  and   the   roof  and   walls   were  wet.      We  were 

in  the  midst  of  a  natural  temple,  where  tall  columns 

g  complete  from  floor  to  roof,  while  incipient  columns 

tere  growing  to  meet  each  other,  upwards  and  downwards. 

water  which  trickles  from  the  stalactite,  after  having 

rt  yielded  up  its  carbonate  of  lime,  falls  upon  the 

ir  vertically  underneath,  and  there  builds  the  stalag- 

Ite.     Consequently,  the   pillars  grow   from  above  and 

,ow  simultaneously,  along  the  same  vertical.     It  is  easy 

distinguish  the  stalagmitic  from  the  stalactitic  portion 

the  pillars.     The  former  is  always  divided  into  short 

ent^  by  protuberant  rings,  as   if  deposited  periodi- 

ly,  while  the  latter  presents  a  imiform  surface.      In 

le  cases  the  points  of  inverted  cones  of  stalactite  rested 

the  centres  of  pillars  of  stalagmite.     The   process  of 

olidifi cation  and  the  architecture  were  alike  beautiful. 

LWe  followed  our  guide  through  various  branches  and 
s  of  the  cave,  climbed  and  descended  steps,  halted  at 
he  edges  of  dark  shafts  and  apertures,  and  squeeze*!  our- 
Hres  through  narrow  passages.  From  time  to  time  we 
■ted,  while  Mr.  Crookes  illuminated  with  ignited  mag- 
RBiiun  wire,  the  roof,  columns,  dependent  spears,  and 
ful  drapery  of  the  stalactites.  Once,  coming  to  a 
ificent  cluster  of  icicle-like  spears,  we  Uel^^d  o>a- 
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selves  to  ppccimeus.  There  wm  eom«*  difficulty  in  detach- 
ing the  mori?  delicate  ones,  tht-ir  fngtlitj  was  so  great 
A  conHciniiHrii'sa  of  v&ndalinD,  which  smote  me  at  tlie 
time,  haunts  me  still;  for,  tbotigb  our  nsquidtioiis  wen 
moderate,  this  beauty  ought  not  to  1»  at  all  invaded. 
Pendent  from  the  roof,  in  their  natural  habitat,  nothing 
can  excer-d  their  '  "  '        ^ ;  they  live,  as  it  were, 

surrounded  by  on  is.     In  London  they  an' 

curious,  but  not  gutheied  Bbelk  EmonoD 

writes  : 


^ 


1  wiped 

And  bro  imnanhoine: 

But  tlie  Oms  th'tngi 

I  [ml  lef  Hliore, 

^'iththet  d  ibe  wUd  ujxnnl. 

The  promontory  of  Gibraltar  ig  so  burrowed  with 
caverns  (liiit  it  has  been  called  the  Hill  of  Caves.  The? 
are  a|)[iarciitly  related  to  the  geologit;  disturbances  which 
tlie  rock  hiis  \mdergoTie.  Tiie  eiirliest  of  these  is  the 
tilting  of  the  once  horizontal  strata.  Suppose  a  fort'e 
of  torsion  to  net  upon  the  promontory  at  its  southern  ex- 
treiiiity  near  Kuropa  Point,  and  suppose  the  rock  to  be 
of  a  ])artially  yielding  cliaracter  ;  such  a  force  would  twist 
the  strata  into  screw-surfaces,  the  greatest  amount  of 
tAvistiug  being  endured  near  the  point  of  application  of 
the  force.  Sucli  a  twisting  the  rock  appears  to  have 
suffered ;  but  instead  of  the  twist  fading  gradually  and 
,  iHiiforinly  otT,  in  passing  from  south  to  north,  the  want 
of  luiiforniity  in  tlie  material  has  produced  lines  of  dis- 
location where  there  are  abrupt  changes  in  the  amount 
of  twist.  Thus,  at  the  northern  end  of  the  rock  the  dip 
to  tlie  west  is  nineteen  degrees;  in  the  Middle  Hill  it  is 
thirty-eight  degrees;  in  the  centre  of  the  South  Hill,  or 
Sugar  Loaf,  it  is  fifty-seven  degrees.  At  the  southern 
extremity  of  the  Sugar  Loaf  the  strata  are  vertical,  while 
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Farther  to  the  south  they  actually  turn  over  and  dip  to 
the  east. 

The  rock  is  thus  divided  into  three  sections,  separated 

fi-om  each  other  by  places  of  dielocntion,  where  the  strata 

are   much  vrrenched  and  broken.     These  are  called  the 

Northern    and   Southern    Quebrada,   from    the    Spanish 

•  Tierra   Quebrada,'  or   broken   ground.     It  is   at   these    ' 

places   that   the   inland   caves   of  Gibraltar   are  almost 

exclusively   found.     Based    on    the   observations   of  Dr. 

falconer  and  himself,  an  excellent  and  most  interesting 

^kount  of  these  caves,  and  of  the  human  remains  and  works 

^tart  which  they  contain,  was  communicated  by  Mr.  Busk 

to  the  meeting  of  the  Congress  of  Prehistoric  ArchiEology 

at  Norwich,  and  afterwards  printed  in  the  'Transactions' 

^{the  Congress.'     Long  subsequently  to  the  operation  of 

^ne  twisting  force  just  referred  to,  the  promontory  under- 

-went  various  changes  of  level.     There  are  sea-terraces  and 

layers  of  shell-breccia  along  its  flanks,  and  numerous  oaves 

which,  unlike  the  inland  ones,  are  the  product  of  marine 

twion.  The  Ape's  Hill,  on  the  African  side  of  the  strait, 
r.  Busk  informs  me  has  undergone  similar  disturbances.* 
In  the  harbour  of  Gibraltar,  on  the  morning  of  our 
parture,  I  resumed  a  series  of  observations  on  the 
colour  of  the  sea.  On  the  way  out  a  number  of  specimens 
had  been  collected,  with  a  view  to  subsequent  exami- 
nation. But  the  bottles  were  claret  bottlea,  of  doubtful 
purity.  At  Gibraltar,  therefore,  I  purchased  fifteen  white 
glass  bottles,  with  ground  glass  stoppers,  and  at  Cadiz, 
thanks  to  the  friendly  guidance  of  Mr.  <;jameron,  I  se- 

In  tlii*  essay  Mr.  Biuk  refers  to  tha  prerious  Inboon  of  Mr.  Smith, 

of  Jnrdnn  Hill,  to  'whom  «e  owo  most  of  our  knowledge  of  the  geology  oti 
the  roi'k.  1 

'  No  one  can  riao  from  the  iH<ruFi.tI  of  Mr.  Busk's  paper  without  a 
l^faeling  of  aUmimlioD  fur  tl<e  principnl  discovrriT  Anil  inJefHtigable  as- 
^Klonx  of  the  Oibnltar  cutcc,  the  Ute  Captain  Frederick  BtonM.  d 


MO  FRAGMENTS   OF  BCIESCE. 

cured  a  dozen  more.  These  seven-&iid*tirenty  boltlei 
were  filled  with  water,  taken  at  different  places  between 
Oran  and  Spithead. 

And  here  let  me  express  my  warmest  acknowledgmi 
to  Captain  Henderson,  the  commander  of  H.M.S.  '  Urgent,' 
who  aided  me  in  my  observations  in  every  possible  way. 
Indeed,  my  thanks  are  due  to  all  the  officers  for  their 
unfailing  courtesy  and  help.  The  captain  placed  at  mr 
disposal  his  own  coxswain,  an  intelligent  fellow  named 
Thorogood,  who  skilfully  attached  a  cord  to  each  bottle, 
weighted  it  with  lead,  cast  it  into  the  sea,  and,  after 
three  successive  rinsings,  filled  it  tmder  my  own  eyes. 
The  contact  of  jugs,  buckets,  or  other  vessels  was  thus 
avoided  ;  and  even  the  necessity  of  pouring  out  the  water, 
afterwards,  through  the  dirty  London  air. 

The  mode  of  examination  applied  to  these  bottles  has 
been  already  described.'  The  liquid  is  illuminated  by  a 
powerfully  condensed  beam,  its  condition  being  revealed 
through  the  light  scattered  by  its  suspended  particles. 
'  Care  is  taken  to  defend  the  eye  from  the  access  of  all  other 
light,  and,  thus  defended,  it  becomes  an  organ  of  inconceiv- 
able delicacy.'  Were  water  of  uniform  density  perfectly  free 
from  suspended  matter,  it  would,  in  my  opinion,  scatter 
no  light  at  all.  The  track  of  a  luminous  beam  could  not  be 
seen  in  such  water.  But '  an  amount  of  impurity  so  infinite- 
simal as  to  be  pcarcely  expressible  in  numbers,  and  the 
individual  particles  of  which  are  so  small  as  wholly  to 
elude  the  microncope,  may,  when  examined  by  the  method 
alluded  to,  produce  not  only  sensible,  but  striking,  effects 
upon  the  eye.' 

The  results  of  the  examination  of  nineteen  bottles 
filled  at  various  places  between  Gibraltar  and  Spithead, 
are  here  tabulated  : 


■  Oo  Dust  and  Diseosa,  pp.  166,  157. 
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No. 

LoaUtt}- 

(Moorof  8ea 

Appearwioe  in  Lajnlnons  Beam 

OibrsltarUu'boar.    .    . 

ereoi     .    .    . 

Thick  with  tee  partldea 

Two  mil*^  from  Olbraltal 

r      Clearer  green  . 

Thick  with  very  fln«  partlclaa 
Still  thick,  bat  Ie>ao 

Off  C»hn!t»  Point  .     .    . 

Bright  RTMD  . 

Off  Ctebrcta  Puint  .    .     . 

Black-livli^  . 

Much  leaft  thick,  very  pnre 

Off  T^uM« 

UDdecidad  .    . 

Thicker  than  No.  4 

liqand  Tuif>    ... 

Cobalt- blue     . 

Uuch  purer  than  No.  S 

TwfllTe  mllw  from  Oadti 

T«Uow-gma  . 

Very  thick 

Ckdh  Hsrboar   .    .    . 

Tellow-gmn  . 

Exceedingly  thick 

Ponrteoi  mikmtnm  Ctedii 

Yellow.gncn  . 

Thick,  bat  lea  M 

10 

Taattm  milo  from  Cadli 

■      Bright  giTMii  . 

Uach  iMi  thlok 

11 

BMireni  Cipn  8k  Uarj 

Kcd  VlDceot .    .    . 

Deep  ladlgo    . 

Tary  Uttle  matter,  -rary  puns 

11 

OIT  tbe  Bnrlingl.    .    . 

Btnng  green  . 

Thick,  with  flne  matter 

U 

Brj-oad  the  BorUngi  . 

IsdlRo    .    .    . 

Very  little  matter,  pare 

14 

Off  Ops  FInUtcm     . 

Dndadded  .    . 

Lees  pnre 

■  ■  1* 

Bay  of  Biscay     .    .    . 

Blaok-indigo  . 

Very  little  matter,  rery  par» 

lli* 

Bu  o<  BiacaT     .    .    . 
OJ^Uibaot     .... 

Indigo    .    .    . 

Very  flne  mailer.    Irideeeent 

■it 

A  good  deal  of  matter 

E* 

Off  ec  OMbcrlaai  .    . 

Yellow-green  . 

Exct'edingly  thick 

r_ 

etiltbMKl 

Groen     .    .    . 

Bxceedlngly  thick 

Here  we  have  three  specimenB  of  water,  described  as 
green,  a  clearer  green,  and  bright  green,  taken  in  Gibraltar 
Harbour,  at  a  point  two  miles  from  the  harbour,  and  off 
Cabreta  Point.     The  home  examination  showed  the  first 
to  be  thick  with  suspended  matter,  the  second  less  thick, 
and  the  third  still  less  thick.     Thus  the  gre«n  brightened 
^■g  the  suspended  matter  diminished  in  amoimt. 
^P    Previous  to  the  fourth  observation  our  excellent  navi- 
gating  lieutenant,  Mr.  Brown,  steered  along  the  coast, 
^buB  avoiding  the  adverse  current  which  sets  in,  through 
^Hie  Strait,  from  the  Atlantic  to  the  Mediterranean.     He 
^■is  at  length  forced  to  cross  the  boundary  of  the  At- 
^^uitic   current,   which    was   defined   with    extraordinary 
sharpness.     On  the  one  side  of  it  the  water  was  a  vivid 
green,  on  the  other  a  deep  blue.     Standing  at  the  bow 
of  the  ship,  a   bottle  could  be    filled  with   blue  water, 
while  at  the  same  moment  a  bottle  cast  from  the  stem 
could  be  filled  with  green  water.     Two  bottles  were  se- 
cured, one    on  each    side  of  this  remarkable  l>oundary. 
In  the  distance  the  Atbintic  had  the  hue  called  ultra- 
marine ;  but  looked  fairly  down  upon,  it  was  of  almost 
inky  blackness — black  qualified  by  a  trace  of  indigo. 

Hi 
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\\'liat  change  does  the  home  examination  here  reveal  ? 
In  passing  to  indigo,  the  water  becomes  suddenly  aug- 
mented in  purity,  the  suspended  matter  becoming  sud- 
denly less.  OflF  Tarifa,  the  deep  indigo  disappears,  and  thi* 
sea  is  undecided  in  colour.  Accompanying  this  change, 
we  have  a  rise  in  the  quantity  of  suspended  matter. 
Beyond  Tarifa,  we  change  to  cobalt-blue,  the  suspended 
matter  falling  at  the  same  time  in  quantity.  This  water 
is  distinctly  purer  than  the  green.  We  approach  Cadii, 
and  at  twelve  miles  from  the  city  get  into  yellow-greea 
water ;  this  the  London  examination  shows  to  be  thick 
with  suspended  mutter.  The  same  is  true  of  Cadiz  harbour, 
and  also  of  a  point  fourteen  miles  from  Cadiz  in  tlie  home- 
ward direction.  Here  there  is  a  sudden  change 
yellow-green  to  a  bright  emerald-green,  and  accompany 
the  change  a  sudden  fall  in  the  quantity  of  suspend 
matter.  Between  Cape  St.  Mary  and  Cape  St.  Vino 
the  water  changes  to  the  deepest  indigo,  a  further  dimi^ 
uution  of  the  suspended  matter  being  the  concomitaa 
phenomenon. 

We  now   reach  the  remarkable  group  of  rocks  called 
the   Buriings,  and   find   the  water  between  the  shore ; 
the  roeks  a  strong  green  ;  the  home  examination  shows 
to  be  thick  with   fine  matter.     Fifteen  or  twenty  mil 
beyond  the  Buriings  we  come  again  into  indigo  wate 
from  which   the  suspended  matter  has  in  great  part  dii 
appeared.     Otf  Cape  Finisterre,  about  the  plac3   wbe 
the  '  Captain '  went  down,  the  water  becomes  green,  and 
"the  home  examination  pronounces  it  to-be  thicker.     The 
we  enter  the  Bay  of  Biscay,  where  the  indigo  resumes 
power,  and  where  the  home  examination  shows  the  gT«atly~ 
augmented  purity  of  the  water.     A  second  specimen  of, 
water,  taken  from  the  Bay  of  Biscay,  held  in  suspensioB 
fine  particles  of  a  peculiar  kind ;  the  size  of  them  was 
such  as  to  render  the  water  rieldy  iridescent.     It  showed 
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itself  green,  blue,  or  salmon-coloured,  according  to  the 
direction  of  the  line  of  vision.  Finally,  we  come  to  our 
last  trwo  bottles,  the  one  taken  opposite  St.  Catherine's 
lighthouse,  in  the  Isle  of  Wight,  the  other  at  Spitljeail. 
The  sea  at  both  these  places  was  green,  and  both  speci- 
mens, as  might  be  expected,  were  pronounced  by  the  home 
examination  to  be  thick  with  suspended  matter. 

Two  distinct  series  of  observations  are  here  referred  to 
the  one  consisting  of  direct  observations  of  the  Cfilonr 
the  sea,  conducted  during  the  voyiigefrora  Gibraltar  to 
ort^smouth  ;  the  other  carried  out  in  the  laboratory  of  the 
oyal  Institution.  And  hero  it  is  to  be  noted  that  in  the 
home  examination  I  never  knew  what  water  was  placed  in 
my  hands.  The  lalwls,  with  the  names  of  the  localities 
written  upon  them,  had  lieen  tied  up,  all  information 
■garding  the  source  of  the  water  being  thus  held  back. 
The  bottlea  were  simply  numbered,  and  not  till  all  of 
tbem  had  been  examined,  and  described,  were  the  labels 
opened,  and  the  locality  and  sea-colour  corresponding  to  the 
various  specimens  ascertained.  The  home  observations, 
therefore,  must  have  been  perfectly  unbiasse<l,  and  they 
clearly  establish  the  association  of  the  green  colour  with 
fine  suspended  matter,  and  of  the  ultramarine  colour,  and 
nnore  especially  of  the  black-indigo  hue  of  the  Atlantic, 
with  the  comparative  absence  of  such  matter. 

So  much  for  mere  ob8er\'ation ;  but  what  is  the  cause  of 
the  dark  hue  of  the  deep  ocean  ?  '  A  preliminary  remark 
or  two  will  clear  our  way  towards  an  explanation.  Colour 
resides  in  white  light,  appearing  generally  when  any  consti- 


A  note,  written  to  mo  on  October  22.  by  my  friead  Cnnon  Kingnley, 
tAJni  the  following  rofcrvnoe  (o  thin  point :  '  I  hnre  never  (leen  the 
<jl[e  of  (tencra,  but  I  thought  of  the  brilliant  diiBling  dark  blue  of  the 
■r.id-AtUntic  under  the  ninlight,  and  its  blaok-b)ne  under  cloud,  both  eo 
•olid  that  one  might  lonp  off  the  •ponson  on  to  it  without  fenr;  this  wns  to 
nie  the  most  wonderful  thing  which  I  saw  on  my  voyages  to  and  from  the 
Wect  Indie*.' 


I 
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toent  of  tbe  white  light  is  withdrawa  The  hue  of  a  purple 
liquid,  for  example,  is  immediately  accounted  for  bv  its  ac- 
tioa  DO  a  epectmm.  It  cuts  out  the  yellow  and  green,  aod 
allows  the  red  and  blue  to  paas  through.  Tlie  blending  of 
these  two  colours  produces  the  purple.  But  while  such  a 
liquid  attacks  with  special  energy  the  yellow  and  green,  it 
enfeebles  the  whole  spectrum.  By  increasing  the  thick- 
neas  of  the  stratum  we  may  absorb  the  whole  of  the  light. 
The  colour  of  a  blue  liquid  is  similarly  accounted  for.  It 
first  extinguishes  the  red;  then,  as  the  thickness  au^ 
ments,  it  attacks  the  orange,  yellow,  and  gT'e^i  in  buo 
cession  ;  the  blue  alone  finally  remaining.  But  even  it 
might  be  extinguished  by  a  sufficient  depth  of  liquid. 

And  now  we  are  prepared  for  a  brief,  but  tolerably 
complete,  statement  of  that  action  of  aea-water  upon 
light,  to  which  it  owes  its  darkness.  The  spectrum  era- 
braces  three  classes  of  rays — the  thermal,  the  visual,  and 
the  chemicaL  These  divisions  overlap  each  other ;  the 
thermal  rays  are  in  part  visual,  the  visual  rays  in  part 
chemical,  and  vice  tierea.  The  vast  body  of  thermal  rays 
lie  beyond  the  red,  being  invisible.  These  rays  are  attacked 
with  exceeding  energy  by  water.  They  are  absorbed 
close  to  the  surface  of  the  sea,  and  are  the  great  agents  in 
evaporation.  At  the  same  time  the  whole  spectrum  suffers 
enfeeblement ;  water  attacks  all  its  rays,  but  with  different  j 
degrees  of  energy.  Of  the  visual  rays,  the  red  are  firstS 
extinguished.  As  the  solar  beam  plunges  deeper  into 
the  sea,  orange  follows  red,  yellow  follows  orange,  green 
follows  yellow,  and  the  various  shades  of  blue,  where  the 
water  is  deep  enough,  follow  green.  Absolute  extinction 
of  the  solar  beam  would  be  the  consequence  if  the  water 
were  deep  and  uniform.  If  it  contained  no  suspended 
matter,  such  water  would  be  as  black  as  ink.  A  re- 
flected glimmer  of  ordinary  light  would  reach  us  from 
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^n   surface,  as  it  would  from  the  surface  of  actual  ink ; 
^DQt   no  light,  hence  no  colour,  would  reach  us  from  the 

bodj  of  the  water. 
^B     In  very  clear   and   deep  8ea-wat«r  this  condition  is 
^bproxinuttelj  fulfilled,  and  hence  the  extraordinary  dark- 
^K88  of  such  water.      The   indigo,   already   referred   to, 
Hh  I  believe,  to  be  ascribed  in  part   to  the   suspended 
matter,  which  is  never  absent,  even  in  the  purest  natural 
water ;  and  in  part  to  the  slight  reflection  of  the  light 
from  the  limiting  surfaces  of  strata  of  difiFerent  densi- 
ties.    A    modicum  of   light  is  thus  thrown  back  to  the 
ke,  before  the  depth  necessary  to   absolute    extinction 
fi  been  attained.      An   effect    precisely  similar   occurs 
under  the   moraines   of  glaciers.     The   ice   here  is   ex- 
ceptionally compact,  and,  owing  to  the  absence  of  the 
internal   scattering  common  in  bubbled   ice,   the   light 
plunges  into  the  mass,  where  it  is  extinguished,  the  per- 
fectly clear  ice  presenting  an  appearance  of  pitchy  hlack- 

The  green  colour  of  the  sea  has  now  to  be  accounted 
;  and  here,  again,  let  us  fall  back  upon  the  sure 
s  of  experiment.  A  strong  white  dinner-plate  had 
a  lead  weight  securely  fastened  to  it.  Fifty  or  sixty  yards 
of  strong  hempen  line  were  attached  to  the  plate.  My 
assistant,  Thorogood,  occupied  a  boat,  fastened  as  usual  to 
the  davits  of  the  '  Urgent,'  while  I  occupied  a  second  boat 
nearer  the  stem  of  the  ship.  He  cast  the  plate  as  a 
mariner  heaves  the  lead,  and  by  the  time  it  had  reached 
me  it  had  sunk  a  considerable  depth  in  the  water.  In 
all  cases  the  hue  of  this  plate  was  green ;  even  when  the 
sea  was  of  the  darkest  indigo,  the  green  was  vivid  and 
Dnounced.     I  could  notice  the  gradual  deepening  of  the 

'  I  learn  from  a  correspondent  Uiat  certain   WeUh  Unu,  whidi  tr* 
r^nUd  boUomlrea,  have  this  inkj  hue. 
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colour  as  the  plate  eank,  but  at.  its  greatest  depth,  eren  » 
indigo  water,  the  colour  was  s;till  a  blue-gnjen.'  |f 

Other  observations  confirmed  this  one.     The  *  Urgent' 
is  a  Hcrew  steamer,  and  right  ovpr  the  blades  of  the  fcre*     I 
was  an  orifice  called  the  ecrew-well,  through   which  ohm 
could  look   from  the  poop  down   upon  the  screw.    The 
Rurface-glimnier,  v  the  eye,  was  here  in  i 

great  measure  rep  j  down,  a  plank  cri>s«>l 

the  screw-well  fro  ;  on   this  I  plac<?d  my* 

self  and   observed  '  the   screw  underneath. 

The  eye  was  rende  y  the  taoderation  t>f  tin? 

light;  ami,  to  ren  er  all  disturbing  catistf. 

Lieutenant  Walta  d  tarpaultn  thrown  wtr 

the  mouth  of  the  Bftth  this  I  perched  my- 

self and  watched  the  acren*.     ^.i  M\  indigo  sea  the  play  of 
colour  was  indescrilmbly  \)eautiful,  and  the   contrast  be- 
tween  the  water,  which  had  the  screw-blades,  and  that 
which  had  the  bottom  of  the  ocean,  as  a  background,  was 
extraordinary.     The  one  was  of  the  most  brilliant  green, 
the  other  of  the  deepest  ultramarine.    The  surface  of  the 
water  above  the  screw-blade  was  always  ruffled.     Liquid 
lenses  were  thus    formed,  by  which    the    coloured   light 
was  withdrawn  from  some  places  and  concentrated  upon 
others,  the  water  flashing  with  metallic  lustre.    The  screw- 
blades  in  this  case  played  the  part  of  the  dinner-plate  in 
the  former  case,  and  there  were  other  instances  of  a  similar 
kind.    Tiie  white  bellies  of  porpoises  showed  the  green  hue, 
varying  in  intensity  as  the  creatures  swung  to  and  fro  be- 
tween the  surface  and  the  deeper  water.    Foam,  at  a  certain 
depth  l>elow  the  surface,  is  also  green.     In  a  rough  sea  the 
light  which  has  penetrated  the  summit  of  a  wave  sometimes 
reaches  the  eye,  a  lK>autiful  green  cap  being  thus  placed 
upon  the  wave,  even  in  indigo  water. 

'  lu  no  oaso,  of  course,  is  the  given  pure^  but  a  mixture  of  green  and 
blue. 
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But  how  is  this  colour  to  be  connected  with  the  sus- 
pended particles  ?  Take  the  dinner-plate  which  showed 
so  brilliant  a  green  when  thrown  into  indigo  water. 
Suppose  it  to  diminish  in  size,  until  it  reaches  an  almost 
microscopic  magnitude.  It  would  still  behave  substan- 
tially as  the  larger  plate,  sending  to  the  eye  its  modicum 
of  green  light.  If  the  plate,  instead  of  being  a  large 
coherent  mass,  were  ground  to  a  powder  suflBciently  fine, ' 
aod  in  this  condition  diS'used  through  the  clear  sea- 
water,  it  would  send  green  light  to  the  eye.  In  fact,  the 
luspended  particles  which  the  home  examination  reveals, 
act  in  all  essential  particulars  like  the  plate,  or  like  the 
screw-blades,  or  like  tlie  foam,  or  like  the  bellies  of  the 
porpoises.  Thus  I  think  tlie  greenness  of  the  sea  is  physi- 
cally connected  with  the  matter  which  it  holds  in  sus- 
pension. 

We  reached  Portsmouth  on  January  5,  1871.  Then 
,  ended  a  voyage  which,  though  its  main  object  was  not 
^■selised,  has  left  behind  it  pleasant  memories,  both  of 
^»he  aspects  of  nature  and  the  kindliness  of  men. 
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IT  is  one  of  the 
natural  scenei 
often  exaggerat«dj 
when  well  drawn,  i 
sions.     Such  has  Ik,^ 


of  reading-  books  about 
the  mind  with  pictures, 

often  blurred,  and,  even 
freshness  of  first  impres- 

most  of  us  with  regard 


to  the  Falls  of  Niagara.  There  was  little  accuracy  in  the 
estimates  of  the  first  obser^'ers  of  the  cataract.  Startled 
by  an  exhibition  of  power  so  novel  and  so  grand,  emotion 
leaped  beyond  the  control  of  the  judgment,  and  gave 
currency  to  notions  which  have  often  led  to  disappoint- 
ment. 

A  record  of  a  voyage  in  1 535  by  a  French  mariner 
named  Jacques  Cartier,  contains,  it  is  said,  the  first  printed 
allusion  to  Niagara.  In  1 603  the  first  map  of  the  district 
was  constructed  by  a  Frenchman  named  Champlain.  In 
1648  the  Jesuit  Rageneau,  in  a  letter  to  his  superior  at 
Paris,  mentions  Niagara  as  'a  cataract  of  frightful  height.' ' 
In  the  winter  of  1678  and  1679  the  cataract  was  visited 
by  Father  Hennepin,  and  described  in  a  book  dedicated 'to 
the  King  of  Great  Britain.'  He  gives  a  drawing  of  the 
waterfall,  which  shows  that  serious  changes  have  taken 
place  since  his  time.     He  describes  it  as  '  a  great  and  pro- 

'  From  an  interesting  little  book  presented  to  me  at  Brooklyn  hj  its 
author,  Mr.  Holly,  some  of  these  data  are  derived :  Hennepin,  KaUn,  Bske- 
vell.  Lyell,  Hall,  and  others  I  have  myself  consulted. 
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digious  cadence  of  water,  to  which  the  universe  does  not 
offer  a  parallel.'  The  height  of  the  fall,  according  to 
Hennepin,  was  more  than  600  feet.  '  The  waters,'  he  says, 
'  which  fall  from  this  great  precipice  do  foam  and  boil  in 
the  most  astonishing  manner,  making  a  noise  more  terrible 
than  that  of  thunder.  When  the  wind  blows  to  tha  south 
its  frightful  roaring  may  be  heard  for  more  than  fifteen 
leagues.'  The  Baron  la  Hontan,  who  visited  Niagara  in 
1687,  makes  the  height  800  feet.  In  1721  Charlevois,  in 
a  letter  to  Madame  de  Slaintenon,  after  referring  to  the 
exaggerations  of  his  predecessors,  thus  states  the  result  of 
his  own  observations  :  *  For  my  part,  after  examining  it  on 
all  sides,  I  am  inclined  to  think  that  we  cannot  allow  it 
leas  than  140  or  150  feet,' — a  remarkably  close  estimate. 
At  that  time,  viz.  a  hundred  and  fifty  years  ago,  it  bad 
the  shape  of  a  horseshoe,  and  reasons  will  subsequently 
be  given  for  holding  that  this  has  been  always  the  form  of 
the  cataract,  from  its  origin  to  its  present  site. 

As  regards  the  noise  of  the  fall,  Charlevois  declares 
the  accounts  of  his  predecessors,  which,  I  may  say,  are 
repeat«d  to  the  present  hour,  to  be  altogether  extravagant. 
He  is  perfectly  right.  The  thunders  of  Niagara  are  formi- 
dable enough  to  those  who  really  seek  them  at  the  base  of 
the  Horseshoe  Fall ;  but  on  the  banks  of  the  river,  and 
particularly  above  the  fall,  its  silence,  rather  than  its 
noise,  is  surprising.  This  arises,  in  part,  from  the  lack  of 
resonance ;  the  surrounding  country  being  flat,  and  there- 
fore furnishing  no  echoing  surfaces  to  reinforce  the  shock 
of  the  water.  The  resonance  from  the  surrounding  rocks 
causes  the  Swiss  Reuss  at  the  Devil's  Bridge,  when  full,  to 
thunder  more  loudly  than  the  Niagara. 

On  Friday,  November  1,  1872,  just  before  reaching 
the  village  of  Niagara  Falls,  I  caught,  from  the  railway 
train,  my  first  glimpse  of  the  smoke  of  the  cataract. 
Immediately  after  my  arrival  I  went  with  a  friend  to 


«uith*ra   •'Oil    a 
*w\fte-A  -mil  ^ 
Sa  Lnna  Istaxui,  a 

4^vw^  -hi*  3r>>etpa 
to    pn<fipr  nut   li 

iw^r  rl"j*  -Hi^if*  vf  ^iie  pfvexpte&.  like  rae  «*eil  of  a.  mosrle, 

iy-  ,.-■■.  .-.-  TXT  '-**j^mii  rke  jO*  )f  cne  or'^cipii.ir.  A  ?jjsn;<r, 
'^..''1  •-•^  '.i-^  ";t'  "he  ^inds.  is  taos  enciosed  Iwtireen 
'r,-  T>,:.  -.r  :-Ai  iC'i  -.he  iilln^r '^ater. 

ffr;'  r-i'.ar.rf  -r.iij  .3.  i  iiie^r  'irv  precipioe.  which 
'•'.r,ri'''*-»  U.f-  Arr.-ri.;an  xr.>i  H:r3esiioe  FiIL?.  Midway 
\i^*  Tt-e-r,  :/>■,<•?.  ii  a  w-vien  hit.  the  residence  ckf  the  gnide 
t'.  fr,"  ^  ;i7«-  r,i  'hrr  Winii.  aai  linm  the  hat  a  vinding 
rffiifr-i"-.  'siiU-'-l  Bi-'idlir'i  Stair.  des«en<is  to  the  base  of 
♦  h';  \)t"-,]>\<f.  (Hi  t?e  evening  of  mvamTal  I  went  down 
M(i'  "t^iir,  and  waridered  along  the  bijttom  of  the  clilf. 
Ofi'-  w<ll-kr)Owri  factor  in  the  formation  and  retreat  of  the 
rn\',\rw\.  was  immediately  obsened.  A  thick  lajer  of 
lifo'^'t'ine  formed  the  upper  portion  of  the  cliff.  This 
r<<:)<.f|  iipoTi  fi  bed  of  soft  shale,  which  extended  round  the 
briuc  of  tlie  cafjiract.  The  >-iolent  recoil  of  the  water 
n^iiiimt  tliJH  yielding  suVjutance  cnimbles  it  away,  under- 
inir  *lie  ledge  above,  which,  unsupported,  eventually 
ind  produces  the  observed  recession. 
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At  the  southern  extremity  of  the  Horseshoe  is  a  pro- 
jontory,  formed  by  the  doubling  back  of  the  gorge,  ex- 
ivated  by  the  cataract,  and  into  which  it  phmges.  On 
16  promontory  stands  a  stone  building,  called  the  Terrapin 
rower,  the  door  of  which  had  been  nailed  up  because  o£ 
tie  decay  of  the  staircase  within  it.  Through  the  kind- 
of  Mr.  Townsend,  the  superintendent  of  Goat  Island, 
tie  door  was  opened  for  me.  From  this  tower,  at  all 
liours  of  the  day,  and  at  some  hours  of  the  night,  I  watched 
listened  to  the  Horseshoe  Fall.  The  river  here  is 
evidently  much  deeper  than  the  American  branch  ;  and 
stead  of  bursting  into  foam  where  it  quits  the  ledge, 
bends  solidly  over,  and  falls  in  a  continuous  layer 
of  the  most  vivid  green.  The  tint  is  not  uniform ; 
long  stripes  of  deeper  hue  alternating  with  bands  of 
brighter  colour.  Close  to  the  ledge  over  which  the  water 
rolls,  foam  is  generated,  the  light  falling  upon  which,  and 
ashing  back  from  it,  is  sifted  in  its  passage  to  and  fro, 
id  changed  from  white  to  emerald-green.  Heaps  of 
aperficial  foam  are  also  formed  at  intervals  along  the 
ledge,  and  are  immediately  drawn  into  long  while  striae.' 
jwer  down,  the  surface,  shaken  by  the  reaction  from 
elow,  incessantly  rustles  into  whiteness.  The  descent 
•finally  resolves  itself  into  a  rhythm,  the  water  reaching  the 
bottom  of  the  fall  in  periodic  gushes.  Nor  is  the  spray 
uniformly  diffused  through  the  air,  but  is  wafted  through 
it  in  successive  veils  of  gauze-like  texture.  From  all  this 
it  is  evident  that  beauty  is  not  absent  from  the  Horseshoe 
Fall,  but  majesty  is  its  chief  attribute.  The  plunge  of 
the  water  is  not  wild,  but  deliberate,  vast,  and  fascinating. 
From  the  Terrapin  Tower,  the  adjacent  arm  of  the  Horse- 
shoe is  seen  projected  against  the  opposite  one,  midway 


*  The  dinclion  of  the  wind  with  refere'uce  to  the  coarse  of  a  ship  may 
with  accuracy  from  the  fo>m■^tnHl^»  on  the  sni&ea  of  the  eea^ 


i 


3»  maawn  or 


df/wn ;  to  the  uDag^ndM,  tlMnfia^  if  left  tbe  pu^muig 
of  the  gulf  into  vfakh  th»  CBtVBet  ftMOge^ 

The  deUgbt  wfaieh  ailml  ntBGij  pradneea  ta  foou 
minds  is  difficult  to  -f****.  lad  the  ooDduct  wfaicb  it 
*  prompts  can  hardlj  be  &ir1y  cntkued  by  Uxne  wlio  have 
never  experienced  it.  It  •eem  to  lae  «  dedoctaoa  from 
the  completeness  -*  ••"  — '-^— ted  Thosnaa  Young,  tint 
he  wan  unaUe  to  itunl  scenery.     *  He  had 

really,'    naya   Dea  ho   taste   for   life  in  the 

country ;  he  wu  tbo  thought  that  no  aac 

who  Wfis  able  to  li  Irould  be  content  to  live 

eUewhr;re/      Wel^  like  Dr.  Jobnion,  had  a 

right  to  his  delig.  |l  andet^tand  a  beHtatian 

to  accept  them,  h  P«  to  the  exclusion  of 

That  o'srflawiDg  yij  wmeh  NsWfe  jieldi 

To  her  true  lor«ra. 

To  all  who  are  of  thiis  mind,  the  strengthening  of  desire 
on  my  part  to  see  and  know  Niagara  Falls,  as  far  as  it 
18  poHHiblc  for  them  to  be  seen  and  known,  will  be  intel- 
ligible. 

On  the  first  evening  of  my  visit,  I  met,  at  the  head  of 
liiddle's  Stair,  the  guide  to  the  Cave  of  the  Winds.  He 
was  in  the  prime  of  manhood — large,  well  biult,  firm  and 
pleanant  in  mouth  and  eye.  My  interest  in  the  scene 
Btirred  up  his,  and  made  him  commimicative.  Turning 
to  a  photograph,  he  described,  by  reference  to  it,  a  feat 
wliich  he  had  accomplished  some  time  previously,  and 
which  had  brought  him  almost  imder  the  green  water  of 
the  Horseshoe  Kail.  '  Can  you  lead  me  there  to-morrow  ?' 
I  asked.  He  eyed  me  enquiringly,  weighing,  perhaps,  the 
chances  of  a  man  of  light  build,  and  with  grey  in  his 
whiskers,  in  such  an  undertaking.  '  I  wish,'  I  added,  'to 
Bee  as  much  of  tlie  fall  as  can  be  seen,  and  where  you  lead 
I  will  endeavour  to  follow.'     His  scrutiny  relaxed  into  a 
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smile,  and  he  said,  '  Very  well ;  I  shall  be  ready  for  you 
to-morrow.' 

On  the  morrow,  accordingly,  I  came.  la  the  hut  at 
the  head  of  Biddle's  Stair  I  stripped  wholly,  and  re- 
dressed according  to  instructions, — drawing  on  two  pairs  of 
woollen  pantaloons,  three  woollen  jackets,  two  pairs  of 
socks,  and  a  pair  of  felt  shoes.  Even  if  wet,  my  guide 
assured  me  that  the  clothes  would  keep  me  from  being 
chilled ;  and  he  was  right.  A  suit  and  hood  of  yellow  oilcloth 
covered  all.  Most  laudable  precautions  were  taken  by 
the  yoiu^  assistant  who  helped  to  dress  me  to  keep  the 
water  out ;  but  his  devices  broke  down  immediately  when 
severely  tested. 

We  descended  the  stair;  the  handle  of  a  pitchfork 
doing,  in  my  case,  the  duty  of  an  alpenstock.  At  the 
bottom,  the  guide  enquired  whether  we  should  go  first  to 
the  Cave  of  the  Winds,  or  to  the  Horseshoe,  remarking 
that  the  latter  would  try  us  most.  I  decided  on  getting 
the  roughest  done  first,  and  he  turned  to  the  left  over  the 
stones.  They  were  sharp  and  trying.  The  base  of  the 
first  portion  of  the  cataract  is  covered  with  huge  boulders, 
obviously  the  ruins  of  the  limestone  lefige  above.  The 
water  does  not  distribute  itself  uniformly  among  these,  but 
seeks  for  itself  channels  through  which  it  pours  torrentially. 
We  passed  some  of  these  with  wetted  feet,  but  without  diflE- 
culty.  At  length  we  came  to  the  side  of  a  more  formidable 
current.  My  guide  walked  along  its  edge  until  he  reached 
its  least  turbulent  portion.  Halting,  he  said,  '  This  is 
our  greatest  difliculty  ;  if  we  can  cross  here,  we  shall  get 
far  towards  the  Horseshoe.' 

He  waded  in.  It  evidently  required  all  his  strength 
to  steady  him.  The  water  rose  above  his  loins,  and  it 
foamed  still  higher.  He  had  to  search  for  footing,  amid 
unseen  boulders,  against  which  the  torrent  rose  violently. 
He  struggled  and  swayed,  but  he  struggled  successfully., 
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and  finally  reached  the  shallower  water  at  the  other  side. 
Stretching  out  his  arm,  he  said  to  me,  '  Now  come  on.'    I 
looked  down  the  torrent,  as  it  rushed  to  the  river  below, 
which  was  seething  with  the  tumult  of  the  cataract.    De 
Saussme  recommended  the  inspection  of  Alpine  dangers, 
with  the  Niew  of  making  them  familiar  to  the  eye  before 
they  are  encoimtered ;  and  it  is  a  wholesome  custom 
places  of  difficulty  to  put  the  possibility  of  an  accidei 
clearly  before  the  mind,  and  to  decide  beforehand  what 
ought  to  be  done  should  the  accident  occur.     Thus  wound 
up  in  the  present  instance,  I  entered  the  water.     Even 
where   it   was   not  more  than   knee-deep,   ita   power  mt 
manifest.     As  it  rose  aroimd  me,  I  sought  to  split 
torrent  liy  presenting  a  side  to  it ;  but  the  insecurity  of 
the  footing  enabled  it  to  grasp  my  loins,  twist  me  fairlj 
round,   and   bring  ita  impetus  to  bear  upon  my   bad 
Further  struggle  was  impossible  ;  and  feeling  my  balance 
hopelessly  gone,  I  turned,  flung  myself  towards  the  bank 
jitst  quitted,  and  was  instantly,  as  expected,  swept  into 
shallower  water. 

The  oilcloth   covering  was   a  great  incumbrance;  it' 
had  l)een  made  for  a  much  stouter  man,  and,  standing  up- 
right after  my  submersion,  my  legs  occupied  the  oen' 
of  two  bags  of  water.      My  guide  exhorted   me    to  try 
again.    Prudquce  was  at  my  elbow,  whispering  dissuasiun^^ 
but,  taking  everything  into  account,  it  appeared  more  ii^H 
moral  to  retreat  than  to  proceed.     Instructed  by  the  first     ' 
misadventure,  I  once  more  entered  the  stream.     Had  tt^^ 
alpenstock  been  of  iron  it  miglit  have  helped  me  ;  but,  ^| 
it  was,  the  tendency  of  the  water  to  sweep  it  out  of  my 
hands  rendered  it  worse  than  useless.     I,  however,  clung 
to  it  by  habit.     Again    the   torrent   rose,  and   again   I 
wavered ;  but,  by  keeping  the  left  hip  well  against  it,  I 
remained  upright,  and  at  length  grasped  the  hand  of  my 
leader  at  the  other  side.     He  laughed  pleasantly. 
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first'victory  was  gained,  and  he  enjoyed  it.  '  No  traveller,' 
be  said,  '  was  ever  here  before.'  Soon  afterwards,  by 
trusting  to  a  piece  of  drift-wood  which  seemed  firm,  I 
was  again  taken  off  my  feet,  but  was  immediately  caught 
by  a  protruding  rock. 

We  clambered  over  the  boulders  towards  the  thickest 
spray,  which  soon  became  so  weighty  as  to  cause  us  to 
stagger  under  its  shock.  For  the  most  part  nothing  could 
be  seen ;  we  were  in  the  midst  of  l>ewildering  tumult, 
lashed  by  the  water,  which  soiuided  at  times  like  the 
cracking  of  innumerable  whips.  Underneath  this  was 
the  deep  resonant  roar  of  the  cataract.  I  tried  to  shield 
my  eyes  with  my  hands,  and  look  upwards;  but  the  de- 
fence was  useless.  The  guide  continued  to  move  on,  but 
at  a  certain  place  he  halted,  and  desired  me  to  take  shelter 
in  his  lee,  and  observe  the  cataract.  The  spray  did  not 
come  so  much  from  the  upper  ledge,  as  from  the  rebound 
of  the  shattered  water  when  it  struck  the  bottom.  Hence 
the  eyes  coidd  be  protected  from  the  blinding  shock  of 
the  spray,  while  the  line  of  vision  to  the  upper  ledges  re- 
mained to  some  extent  clear.  On  looking  upwards  over 
the  gmde's  shoulder  I  could  see  the  water  bending  over 
the  ledge,  while  the  Terrapin  Tower  loomed  fitfully 
through  the  intermittent  spray-gusts.  We  were  right 
under  the  tower.  A  little  farther  on  the  cataract,  after 
its  first  plunge,  hit  a  protuberance  some  way  down,  and 
flew  from  it  in  a  prodigious  burst  of  spray ;  through  this 
we  staggered.  We  rounded  the  promontory  on  which  the 
Terrapin  Tower  stands,  and  moved,  amid  the  wildest 
commotion,  along  the  arm  of  the  Horseshoe,  until  the 
bouldexs  failed  us,  and  the  cataract  fell  into  the  profound 
gorge  of  the  Niagara  Kiver. 

Here  the  guide  sheltered  me  again,  and  desired  me  to 

Hok  up ;  I  did  so,  and  could  see,  as  before,  the  green 

gleam  of  the  mighty  curve  sweeping  over  the  upper  ledge, 
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and  the  fitful  plunge  of  the  water,  as  the  spray  between  us 
and  it  alternately  gathered  and  dii^appeaTed.  An  emi- 
nent friend  of  mine  often  speaks  of  the  mistake  of  those 
physicians  who  regard  man's  ailments^  as  purely  chemical, 
to  be  met  by  chemical  remedies  only.  He  contends  for 
the  psychological  element  of  <Jure.  By  agreeable  emotioDt, 
he  says,  nervous  miTT«nta  ar«  liberated  which  stimulate 
blood,   brain,  and  h  influence   rained  from 

ladies'  eyes  enabl  f  thrive  on  dishes  which 

woxild  kill  him  if  JA  sanative  effect  of  tie 

same  order  I  exp*  :he  spray  and  thunder  of 

Niagara.     Quicker  gtions  there  aroused,  Ui« 

blood   sped  exulti  Ntbe  arteries,  abolishing 

introsptetion,  clea  t   of  all   bitbemees,   and 

enabling  one  to  th  ance,  if  not  with  tendd- 

ness,  on  the  most  relentless  and  unreasonal>le  foe.  Apart 
from  its  scientific  value,  and  purely  as  a  moral  agent,  the 
play  was  worth  the  candle.  My  companion  knew  no 
more  of  me  than  that  I  enjoyed  the  wildness ;  but  as  I 
bent  in  the  shelter  of  his  large  frame  he  said,  '  I  should 
like  to  see  you  attempting  to  describe  all  this.'  He 
rightly  thought  it  indescribable.  The  name  of  this  gallant 
fellow  was  Thomas  Conroy. 

AVe  returned,  clambering  at  intervals  up  and  down,  so 
as  to  catch  glimpses  of  the  most  impressive  portions  of 
the  cataract.  We  passed  under  ledges  formed  by  tabular 
masses  of  limestone,  and  through  some  curious  openings 
formed  by  the  falling  together  of  the  summits  of  the 
rocks.  At  length  we  found  ourselves  beside  our  enemy 
of  the  morning.  Conroy  halted  for  a  minute  or  two, 
scanning  the  torrent  thoughtfully.  I  said  that,  as  a 
guide,  he  ought  to  have  a  rope  in  such  a  place ;  but  he 
retorted  that,  as  no  traveller  had  ever  thought  of  coming 
there,  he  did  not  see  the  necessity  of  keeping  a  rope.  He 
waded  in.    The  struggle  to  keep  himself  erect  was  evident 


enongh ;  he  sfwayed,  but  recovered  himself  again  and 
again.  At  length  he  slipped,  gave  way,  did  as  I  had 
done,  threw  himself  towards  the  bank,  and  was  swept  into 
the  shallows.  Standing  in  the  stream  near  its  edge,  he 
stret-ched  his  arm  towards  me.  I  retained  the  pitchfork- 
handle,  for  it  had  been  useful  among  the  boulders.  By 
wading  some  way  in,  the  staS'  could  be  made  to  reach  him, 
and  I  proposed  his  seizing  it.  '  If  you  are  sure,'  he  replied, 
*  that,  in  case  of  giving  way,  you  can  maintain  yoiu'  grasp, 
then  I  will  certainly  hold  you.'  Remarking  that  he  might 
count  on  this,  I  waded  in,  and  stretched  the  staff  to  my  com- 
panion. It  was  firmly  grasped  by  both  of  us.  Thus  helped, 
though  its  onset  was  strong,  I  moved  safely  across  the  tor- 
t.  All  danger  ended  here.  We  afterwards  roamed  soci- 
libly  among  the  torrents  and  boulders  below  the  Cave  of  the 
Winds.  The  rocks  were  covered  with  organic  slime,  which 
could  not  have  been  walked  over  with  bare  feet,  b«it  the 
lit  shoes  effectually  prevent^'d  slipping.  We  reached  the 
ve  and  entered  it,  first  by  a  wooden  way  carried  over  the 
boulders,  and  then  along  a  narrow  ledge,  to  the  point  eaten 
deepest  into  the  shale.  \Mieu  the  wind  is  from  the  south, 
the  falling  water,  I  am  told,  can  be  seen  tranquilly  from 
this  spot ;  but  when  we  were  there,  a  blinding  hurricane 
of  spray  was  whirled  against  us.  On  the  evening  of  the 
same  day,  I  went  behind  the  water  on  the  Canada  side, 
which,  after  the  experiences  of  the  morning,  struck  me 
an  imposture. 
Still  even  this  latter  is  exciting  to  some  nerves.  Its 
fects  upon  himself  is  thus  vividly  described  by  Mr. 
iwell,  jun. :  '  On  turning  a  sharp  angle  of  the  rock,  a 
idden  gust  of  wind  met  us,  coming  from  the  hollow 
tween  the  fall  and  the  rock,  which  drove  the  spray 
directly  in  our  faces,  with  such  force  that  in  an  instant 
we  were  vtet  through.  When  in  the  midst  of  this  shower- 
^th  the  shock  took  away  my  breath :  I  turned  back  and 
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scrambled  over  the  loose  stones  to  escape  the  conflict. 
The  guide  soon  followed,  aud  told  me  tlmt  I  had  parsed 
the  worst  part.  With  that  asssurance  I  made  a  iieco&d 
attempt ;  but  so  wild  and  disordered  was  my  imagiDatira 
that  when  I  had  reached  half  way  I  could  bear  it  no 
longer.' ' 

To  complete 


Ifvi  (Ttar I  jnH  47 


from  the  river  h 
cessary  to  secure 
fit  for  the  undert 
but  this  difficulty, 
Townsend,  wajs  ov 
oarsmen  sufficient 
where  I  wished  it 
the  boat,  a  fiuely-buiii. 


'  desired  to  see  the  fall 
g  negotiations  were  ne- 
oing  ao.  The  only  boat 
laid  up  for  the  winter) 
Ind  intervention  of  Mr. 
naiu  one  was  to  sectue 
skilful  to  urge  the  boat 
lie  son  of  the  owner  at 
jw,  but  only  twenty,  and 


therefore  not  sufficiently  hardened,  was  willing  to  go ;  and 
up  the  river,  it  was  stated,  there  lived  another  man  who 
would  do  anything  with  the  boat  which  strength  and 
daring  could  accomplish.  He  came.  His  figure  and 
expression  of  face  certainly  indicated  extraordinary  firm- 
ness and  power.  On  Tuesday,  November  5,  we  started, 
each  of  us  being  clad  in  oilcloth.  The  elder  oarsman 
at  once  assumed  a  tone  of  authority  over  his  companion, 
and  struck  immediately  in  amid  the  breakers  below  the 
American  Fall.  He  hugged  the  cross  freshets  instead 
of  striking  out  into  the  smoother  water,  I  asked  him 
why  he  did  so,  and  he  replied  that  they  were  directed 
outwards,  not  downwards.  Tlie  struggle,  however,  to 
prevent  the  bow  of  the  boat  from  being  turned  by  them, 
was  often  very  severe. 

The  spray  was  in  general  blinding,  but  at  times  it 
disappeared  and  yielded  noble  views  of  the  fall.  The 
edge  of  the  cataract  is   crimped  by  indentations   which 

•  'Ma«.  of  Nat.  Hist.;  1830,  pp.  121,  12i 
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exalt   its  beauty.     Here   and   there,  a   little  below   the 

highest  ledge,  a  secondary  one  juts  out ;  the  water  strikes 

it  and  bursts  from  it  in  huge  protuberant  masses  of  foam 

^Qd  spray.     We  passed  Goat  Island,  came  to  the  Horse- 

lioe,  and  workwi  for  a  time  along  the  base  of  it,  thQ 

julders  over  which  Conroy  and  myself  had  scrambled  a 

^few  days  prex-iously  lying  between   us  and  the  base,     A 

^Hock  was  before  us,  concealed  and  revealed  at  intervals,  as 

^■he  waves  passed  over  it.     Our  leader  tried  to  get  abovei 

^^his  rock,  first  on  the  outside  of  it.     The  water,  however,] 

,     was  here  in  violent  motion.     The  men  struggled  fiercely,' 

^Bbe  older  one  ringing  out  an  incessant  peal  of  command 

^Tnd  exhortation  to  the  younger.     As  we  were  just  clearing 

the  rock,  the  bow  came  obliquely  to  the  surge  ;  the  boat 

was  turned  suddenly  round   and   shot   with   astonishing 

rapidity  down  the  river.     The  men  returned  to  the  charge, 

now  trying  to  get  up  l>etween  the  half-concealed  rock  and 

the  bouldexs  to  the  left.     But  the  torrent  set  in  strongly 

through  this  channel.     The  tugging  was  quick  and  violent, 

but  we  made  little  way.     At  length,  seizing  a  rope,  the 

principal  oarsman  made  a  desperate  attempt  to  get  upon 

one  of  the  boulders,  hoping  to  lie  able  to   drag  the  boat 

through  the  channel;  but  it  bumped  so  violently   against 

the  rock,  that  the  man  flung  himself  back  and  relinquished 

the  attempt. 

We  returned  along  the  base  of  the  American  Fnll, 
running  in  and  out  among  the  currents  which  rushed 
from  it  laterally  into  the  river.  Seen  from  below  the 
American  Fall  is  certainly  exquisitely  beautiful,  but  it  is 
^_a  mere  frill  of  adornment  to  its  nobler  neighbour  the 
^^Borseshoe.  At  times  we  took  to  the  river,  from  the 
centre  of  which  the  Horseshoe  Fall  appeared  especially 
magnificent.  A  streak  of  cloud  across  the  neck  of  Mont 
Blanc  can  double  its  apparent  height,  so  here  the  green 
summit  of  the  cataract  shining  above  the  smoke  of  sijtw^ 
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appeared  lifted  to  an  extraordinsiy  elet'ation.  Had 
Ueanepin  and  La  Hontsa  seen  tbe  &11  from  tbds  poeitiiiii, 
their  estimate.^  of  the  heigbt  would  have  been  perfeetlv 

excusable. 

From  a  poiut  a  Uttte  wsj  belov  the  AinericaQ  Fall,  a 
feriT  crosses  tbe  ri  ,  to  the  Canadian  side. 

Below  the  ferry  bridge  for  canuges  and 

foot-passengers,  a  hro  loirer  dowa   it  the 

railway  suspeniiol  heen  the  ferry  asd  tbe 

latter  the  river  Ni  nffled ;  but  at  the  sas- 

pension  bridge  the  id  the  river  ijuickens  itj 

motion.  Lower doi  rows,sndtherapiditya&(l 

turbulence  increaa  i  called  the  *  WTiirlpooI 

Rapids '  I  estimated  tbe  wirttti  ui  the  river  at  300  feet,  an 
estimate  confirmed  by  tbe  dwellers  on  tbe  spot.  \\Tien  it 
is  remembered  that  the  drainage  of  nearly  half  a  continent 
is  compressed  into  this  space,  the  impetuosity  of  the 
river's  escape  through  this  gorge  may  be  imagined.  Had 
it  not  been  for  Mr.  Bierstadt,  the  distinguished  photo- 
grapher of  Xiagara,  I  should  have  quitted  the  place 
witlioiit  seeing  tliese  rapids  ;  for  this,  and  for  his  agreeable 
company  to  the  spot,  I  have  to  thank  him.  From  the 
edge  of  the  cliff  above  the  rapids,  we  descended,  a  little  I 
confess  to  a  climber's  disgust,  in  an '  elevator,'  because  the 
effects  are  best  seen  from  the  water  level. 

Two  kinds  of  motion  are  here  obviously  active,  a 
motion  of  translation  and  a  motion  of  undulation — the 
race  of  the  river  through  its  gorge,  and  tbe  great  waves 
generated  Ijy  its  collision  with,  and  rebound  from,  the 
obstacles  in  its  way.  In  the  middle  of  the  river  the  rush 
and  tossing  are  most  violent ;  at  all  events,  the  impetuous 
f(jrce  of  the  individual  waves  is  here  most  strikingly  dis- 
played. Vast  pyramidal  heaps  leap  incessantly  from  the 
iver,  some  of  them  with  such  energy  as  to  jerk  their  sum- 
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mits  into  the  air,  where  they  hang  suspended  as  bundles  of 
li<]uid  spherules.  The  sun  shone  for  a  few  minutes.  At 
^^Limes  the  wind,  coming  up  the  river,  searched  and  sifted 
^Khe  spraj,  carrying  away  the  lighter  drops,  and  leaving  the 
^Hieavier  ones  liehiiid.  Wafted  in  the  proper  direction, 
|^rainlx>w8  appeared  and  disappeared  fitfiilly  in  the  lighter 
I  mist.  In  other  directions  the  common  gleam  of  the  sun- 
^■ihine  from  the  waves  and  their  shattered  crests  was  exqui- 
sitely beautiful.  The  complexity  of  the  action  was  still 
^further  illustrated  by  the  fact,  that  in  some  cases,  as  if  by 
be  exercise  of  a  local  explosive  force,  the  drops  were  shot 
ially  from  a  particidar  centre,  forming  around  it  a  kind 
pf  halo. 

The  first  impression,  and,  indeed,  the  current  explana- 
tion of  these  rapids  is,  that  the  central  bed  of  the  river  is 
cumbered    with    large   boulders,   and   that   the  jostling, 
tossing,  and  wild  leaping  of  the  water  there,  are  due  to  its 
impact  against  these  obstacles.     I  doubt  this  explanation. 
At  all  events,  there  is  another  sufBcient  reason  to  be  taken 
into  account.     Boidders  derived  from  the  adjacent  cliffs 
visibly  cumber  the  eidea  of  the  river.     Against  these  the 
water  rises  and  sinks  rhythmically  but  violently,  large 
raves  being  thus  produced.     On  the  generation  of  each 
ive,  there  is  an  immediate  compoimding  of  the  wave- 
lotion  with  the  river-motion.     The  ridges,  which  in  still 
iter  would  proceed  in  circular  curies  roimd  the  centre  of 
Jisturbance,  cross  the  river  obliquely,  and  the  res^ult  ii 
lat  at  the  centre  waves  commingle,  which  have  really  been 
enerated  at  the  sides.     In  the  first  instance,  we  had  a 
imposition  of  wave-motion  with  river-motion;  here  we 
ave  the  coalescence  of  waves  with  waves.     Where  crest 
"and  furrow  cross  each  other,  the  motion  is  annulled ;  where 

E furrow  and  furrnw  cross,  the  river  is  ploughed  to  a  greater 
lepth  ;  and  where  crest  and  crest  aid  each  other,  we  have 
that  astonishing  leap  of  the  water  which  breaks  the  cohe- 


232 


FRAGMENTS   OF   SCIEXCB. 


Fion  of  the  crests,  and  tosses  them  shattered  into  the  air. 
From  the  water  level  the  cause  of  the  action  is  not  so 
easily  seen ;  but  from  the  summit  of  the  cliff  the  lateral 
generation  of  the  waves,  and  their  propagation  to  the 
centre,  are  perfectly  obvious.  If  this  explanation  be  cor- 
rect, the  phenomena  observed  at  the  Whirlpool  Rapids 
form  one  of  the  grandest  illustrations  of  the  principle  of 
interference.  The  Nile  '  cataract,'  Mr  Huxley  informs  me, 
offers  more  moderate  examples  of  the  same  action. 

At  some  distance  below  the  \Miirlpool  Rapids  we  have 
the  celebrated  whirlpool  itself.  Here  the  river  makes  a 
sudden  bend  to  the  north-east,  forming  nearly  a  right  angle 
with  it«  previous  direction.  The  water  strikes  the  con- 
cave 1>ank  with  great  force,  and  scoops  it  incessantly  away. 
A  vast  basin  has  been  thus  formed,  in  which  the  sweep 
of  the  river  prolongs  itself  in  gyratory  currents.  Bodies 
and  trees  which  have  come  over  the  falls,  are  stated  to  cir^f 
culate  here  for  days  without  finding  the  outlet.  From 
various  points  of  the  cliffs  above,  this  is  ciuiously  bidden. 
The  rush  of  the  river  into  the  whirlpool  is  obvious  enough ; 
and  though  you  imagine  the  outlet  must  be  visible,  if  one 
existed,  you  cannot  find  it.  Turning,  however,  round  the 
bend  of  the  precipice  to  the  north-east,  the  outlet  comes 
into  view. 

The  Niagara   season  was  over ;  the  chatter  of  sigh 
seers  had  ceased,  and  the  scene  presented  itself  as  one 
holy  seclusion  and  beauty.     I  went  down  to  the  river' 
edge,  where  the  weird  loneliness  seemed  to  increase.     The 
basin  is  enclosed  by  high  and  almost  precipitous  banks 
—covered,  at  the  time,  with  rasset  woods.     A  kind  of 
mystery  attaches  itself  to  gyrating  water,  due  perhaps  to 
the  feet  that  we  are  to  some  extent  ignorant  of  the  direc- 
tion of  its  force.     It  is  said  that  at  certain  points  of  the 
whirlpool  pine-trees  are  sucked  down,  to  be  ejected  mys- 
teriously elsewhere.   The  water  is  of  the  brightest  emerali 
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een.  ,  The  gorge  through  which  it  escapes  is  narrow, 
and  the  motion  of  the  river  swift  though  silent.  The 
surface  is  steeply  inclined,  but  it  is  perfectly  unbroken. 
I  ^There  are  no  lateral  waves,  no  ripples  with  their  breakings 
^Bubbles  to  raise  a  murmur ;  while  the  depth  is  here  too 
^Kreat  to  allow  the  inequality  of  the  bed  to  ruffle  the  sur- 
^B^ce-  Nothing  can  be  more  beautifid  than  this  sloping 
liquid  mirror  formed  by  the  Niagara,  in  sliding  from  the 
whirlpoc)!. 

The  green  colour  is,  I  think,  correctly  accounted 
for  in  Fragment  VI.  In  crossing  the  Atlantic  I  had 
frequent  opportunities  of  testing  the  explanation  there 
g^ven.  Ixioked  properly  down  upon,  there  are  portions 
of  the  ocean  to  which  we  should  hardly  ascribe  a  trace ' 
of  blue;  at  the  most,  a  hint  of  indigo  reaches  the  eye. 
The  water,  indeed,  is  practically  black,  and  this  is  an 
indication  both  of  its  depth  and  its  freedom  from  mechani- 
cally suspended  matter.  In  small  thicknesses  water  is 
sensibly  transparent  to  all  kinds  of  light ;  but,  as  the 
thickness  increases,  the  rays  of  low  refrangibility  are  first 
absorbed,  and  after  them  the  other  rays.  Where,  there- 
fore, the  water  is  very  deep  and  very  pure,  all  the  colours 
are  absorbetl,  and  such  water  ought  to  appear  black,  as  no 
light  is  sent  from  its  interior  to  the  eye.  The  approxima- 
tion of  the  Atlantic  Ocean  to  this  condition  is  an  indica- 
tion of  its  extreme  purity. 

Throw  a  white  pebble  into  such  water  ;  as  it  sinks  it 
becomes  greener  and  greener,  and,  before  it  disappears,  it 
reaches  a  vivid  blue-green.  Break  such  a  pebble  into 
fragments,  each  of  these  will  behave  like  the  unbroken 
mass ;  grind  the  pebble  to  powder,  every  particle  will  yield 
its  modiciun  of  green  ;  and  if  the  particles  be  so  fine  as  to 
remain  suspended  in  the  water,  the  scattered  light  will  he 
a  uniform  green.  Hence  the  greenness  of  shoal  water. 
You  go  to  bed  with   the  black   Atlantic  around  -joxx. 


k. 
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th«  exhiTiitioB  of 
tuibroker  so  eoluor 


f^im  jnst 


dvihlei  OTrrr  the  crest,  like  an  Alpine  aKyw-comice,  under 
t>ie  cornice  we  often  see  a  displav  of  the  mast  exquisite 
{TT'^Ti.  It  y  metallic  in  its  brilliancy.  But  the  foam  is 
riece«?arj  to  its  production-  Tbe  foam  is  first  illuminated, 
and  it  scatters  the  light  in  all  directions ;  the  light  which 
pai-iea  throiigh  the  higher  pirtion  of  the  wave  alone 
reaches  the  eve,  and  gives  to  that  portion  its  matchless 
colour.  The  folding  of  tbe  wave,  producing,  as  it  does, 
a  series  of  longitudinal  protuberances  and  furrows  which 
act  like  cylindrical  lenses,  introduces  variations  in  the 
intensdty  of  the  light,  and  materially  enhances  its  beauty. 


We  have  now  to  consider  the  genesis  and  proximate 

destiny   of  the   P'alls   of  Niagara.     We   may   open  our 

way  to  thifi  Biibject  by  a  few  preliminary  remarks  upon 

erosion.     Time    and    intensity   are  the   main   factors  of 

geologic  cliange,  and  tliey  are  in  a  certain   sense   con- 

ible.     A  feeble  force  acting  through  long  periods,  and 

ense  force  acting  through  short  ones,  may  produce 

imately  the  same  results.     To  Dr.  Hooker  I  have 
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been  indebted  for  some  specimens  of  stones,  the  first 
examples  of  which  were  picked  up  by  Mr.  Hackworth  on 
the  shores  of  Lyell's  Bay,  near  Wellington,  in  New  Zealand. 
They  were  described  by  Mr.  Travers  in  the  '  Transactions 
of  the  New  Zealand  Institute.'  Unacquainted  with  their 
origin,  you  would  certainly  ascribe  their  forms  to  human 
workmanship.  Tliey  resemble  knives  and  spear-heads, 
Ijeing  apparently  chiselled  ofi'  into  facets,  with  as  much 
attention  to  symmetry  as  if  a  tool,  guided  by  human  in- 
telligence, had  passed  over  tbera.  But  no  human  instru- 
ment has  been  brought  to  bear  upon  these  stones.  They 
have  been  wrought  into  their  present  shape  by  the  wind- 
blown sand  of  LyelFs  Bay.  Two  winds  are  dominant  here, 
and  they  in  succession  urged  the  sand  against  opposite 
sides  of  the  stone;  every  little  particle  of  sand  chipped 
away  its  infinitesimal  bit  of  stone,  and  in  the  end  sculptured 
the«e  singular  forms.' 

The  Sphynx  of  Egypt  is  nearly  covered  up  by  the  sand 
of  the  desert.  The  neck  of  the  >Sphyns  is  partly  cut 
across,  not,  as  I  am  assured  by  Mr.  Huxley,  by  ordinary 
weathering,  but  by  the  eroding  action  of  the  fine  sand 


'  '  These  Rtones,  which  have  a,  crtrong  lesemblance  to  work*  of  hamnn 
■rtt  occur  in  great  abundance,  and  of  Tariona  sizes,  from  h:ilf-an-inch  to 

eml  inches  in   length.     A   largo  number  were  exhibited  showing   the 

ous  forms,  which  are  thot>e  of  wedges,  kniTo«,  arrow-heads,  kc,  and  all 
irith  sharp  cntting  edges. 

■  Mr.  TnkTcrs  explained  that,  notwithstanding  their  artificial  appenmnce, 
these  stones  were  formed  by  the  cntting  action  of  the  wind-driven  sand,  as 
it  passed  to  and  fro  over  an  exposed  boulder-hank.  He  gave  a  minute 
account  of  the  manner  in  which  the  varieties  of  form  are  produced,  and  re- 
ferred to  (he  effect  which  the  erosive  action  thus  indicated  would  have  oo 
railway  and  other  works  executed  on  sandy  tracts. 

*  Dr,  Hector  stated  that  althongh.  as  a  group,  the  specimens  on  the  table 
conld  not  well  be  mistaken  for  artificial  productions,  still  th»  forms  are  so 
pecaliAr,  and  the  edges,  in  a  few  of  tliem,  bo  perfect,  that  if  they  were  di»- 
corered  associated  wiih  human  works,  there  is  no  doabt  that  they  would 
have  been  referred  to  the  eo-calleJ  "  stone  jivnod."  '^Extracted  from  (A« 
iiinutn  of  the  Wtllington  PhUoiophical  Society,  Februarj  9,  \%(j%. 
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blown  against  it.     In  these  cases  Nature  furnishes  lis  witt 
hints  which  may  be  taken  advantage  of  in  art ;  and  thi»T 
action  of  sand  has  been  recently  turned  to  extraordinary 
account  in  the  United  States.     When  in  Boston,  I  was 
taken  by   Mr.  Josiah  Quincey  to  see  the  action   of  th« 
aand-blast.     A  kind  of  hopper  containing  fine  siliciou 
sand  was  connected  with  a  reser^•oir  of  compressed 
the   pressiu"e   being   variable    at   pleasure.     The   hopper 
ended  in  a  long  slit,  from  which  the  sand  was  blown, 
plate  of  glass  was  placed  beneath  this  slit,  .and  caused 
paae  slowly  under  it ;  it  came  out  perfectly  depolished 
with  a  bright  opalescent  glimmer,  suoh  as  could  only  be' 
produced   by   the  most   carefid   grinding.     Every   little 
particle  of  sand  urged  against  the  glass,  having  all  its 
energy  concentrated  on  the  point  of  impact,  formed  there 
a  little  pit,  the  depolished  surface  consisting  of  innumerably^ 
hollows  of  this  description.  ^U 

But  this  was  not  all.  By  protecting  certain  portions  of 
the  surface,  and  exposing  others,  figures  and  tracery  of  any 
required  form  could  be  etched  upon  the  glass.  The  figures 
of  open  iron-work  could  be  thus  copied ;  while  wire-gauze 
placed  over  the  glass  produced  a  reticulated  pattern.  But 
it  required  no  such  resisting  substance  as  iron  to  shelter 
the  glass.  The  patterns  of  the  finest  lace  could  be  thus 
reproduced  ;  the  delicate  filaments  of  the  lace  itself  oflFering 
a  suflBcient  protection.  All  these  effects  have  been  obtained 
with  a  simple  model  of  the  sand-blast  devised  by  my 
assistant.  A  fraction  of  a  minute  suffices  to  etch  upon 
glass  a  rich  and  beautiful  lace  pattern.  Any  yielding 
substance  may  be  employed  to  protect  the  glass.  By 
immediately  diffusing  the  shock  of  the  particle,  such  sub- 
stances practically  destroy  the  local  erosive  power.  The 
hand  can  bear,  without  inconvenience,  a  sand-shower  which 
would  pulverise  glass.  Etchings  executod  on  glass  with 
suitable  kinds  of  ink  are  accurately  worked  out  by  the 
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eand-blast.  In  fact,  within  certain  limits,  the  harder  the 
surface,  the  greater  is  the  concentration  of  the  shock,  and 
the  more  effectual  is  the  erosion.  It  is  not  necessary 
that  the  sand  should  be  the  harder  substance  of  the  two ; 
corundum,  for  example,  is  much  harder  than  quartz ;  still, 
quartz-sand  can  not  only  depolish,  but  actually  blow  a 
hole  through  a  plate  of  conmdum.  Nay,  glass  may  be 
depolished  by  the  impact  of  fine  sliot ;  the  grains  in  this 
case  bruising  the  glass,  before  they  have  time  to  flatten,  and 
turn  their  energy  into  heat. 

And  here,  in  passing,  we  may  tie  together  one  or  two 
apparently  unrelated  facts.  Supposing  you  turn  on,  at 
the  lower  part  of  a  house,  a  cock  which  is  fed  by  a  pipe 
from  a  cistern  at  the  top  of  the  house,  the  column  of 
water,  from  the  cistern  downwards,  is  set  in  motion.  By 
turning  off  the  cock,  this  motion  is  stopped ;  and  when 
the  turning  off  is  very  sudden,  the  pipe,  if  not  strong,  may 
be  burst  by  the  internal  impact  of  tlie  water.  By  distribu- 
ting the  turning  of  the  cock  over  half  a  second  of  time,  the 
shock  and  danger  of  rupture  may  be  entirely  avoided.  We 
have  here  an  example  of  the  concentration  of  energy  in  time. 
The  sand-blast  illustrates  the  concentration  of  energy  in 
space.  The  action  of  flint  and  steel  is  an  illustration  of  the 
same  principle.  The  beat  rerjuired  to  generate  the  spark 
is  intense;  and  the  mechanical  action,  being  moderate, 
must,  to  produce  fire,  be  in  the  highest  degi'ee  con- 
centrated. This  concentration  is  secured  by  the  collision 
of  hard  substances.  Calc-spar  will  not  supply  the  place 
of  flint,  nor  lead  the  place  of  steel,  in  the  production  of  fire 
by  collision.  With  the  softer  substances,  the  total  heat 
produced  may  be  greater  than  with  the  hard  ones,  but,  to 
produce  the  spark,  the  beat  must  be  intensely  localised. 

But  we  can  go  far  beyond  the  mere  depolishing  of 
glass ;  indeed,  I  have  already  said  that  quartz-sand  can 
wear  a  hole  through  corundum.     This  leads  me  to  exgresa 
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mj  acknowIedgmeDt«  to  n«iieral  Tilgfamm'  viia  if  tb 
inveDtor  of  the  eaod-blast.     To  Iu5  spaotMotoim  ^i»^»*» 


I  am  indebted  for  sonw  beautiful  illustratjoat  of  hii 
process.  Id  one  tbick  piste  of  glass  a  figure  las  beto 
worked  out  to  a  depth  of  |tbs  of  an  inch.  A  seeond  plaU, 
|thg  of  an  iDch  tbick,  is  eatirelj  perfonted.  TbroDgh  • 
circular  plate  of  marble,  nearlv  half  an  inch  thick,  i^p^ 
work  of  the  mo«  i  eUborate  descripdoa  has 

been  executed,  bly  take  manj  dajs  to  per- 

form this  work  t  prooe« ;  with  the  iami- 

blaat  it  was  ace  ,o  hoar.     So  much  for  Xht 

strengtti   of  the  licacj  is  illustrated  by  s 

beautiful  exampl  ^nng,  etched  on  glas  h 

means  of  the  bla 

I'hiii  power  i  strikingly  displayed  wha 

sand  is  urged  by  air,  renders  us  better  able  to  conceive  its 
action  when  urged  by  water.  The  erosive  power  of  a 
river  is  vuatly  augmented  by  the  solid  matter  carried  along 
with  it.  Sand  or  pebbles,  caught  in  a  river  vortex,  cau 
wear  away  the  hardest  rock  ;  '  potholes '  and  deep  cylin- 
drical shafta  being  thus  produced.  An  extraordinary  in- 
stance of  this  kind  of  erosion  is  to  be  seen  in  the  Val 
Toumanche,  above  the  village  of  this  name.  Thegorgfe  at 
Handeck  has  been  thus  cut  out.  Such  waterfalls  were  uiux 
frequent  in  the  valleys  of  Switzerland ;  for  hardly  any 
valley  is  without  one  or  more  transverse  barriers  of  resist- 
ing naaterial,  over  which  the  river  flowing  through  the 

'  The  absorbent  power,  if  I  may  use  the  phrase,  exerted  by  the  indus- 
trial arts  in  the  United  States,  is  forcibly  illustrated  by  the  rapid  transfer 
of  men  like  Mr.  Tilghman  from  the  life  of  the  soldier  to  that  of  the  cirilian. 
General  McClellan,  now  a  civil  ngineer,  whom  I  had  the  honour  of  fre- 
quently meeting  in  New  York,  is  a  most  eminent  example  of  the  same  kind. 
At  the  end  of  the  war,  indeed,  a  million  and  a  half  of  men  were  thus  drawn, 
in  an  astonishingly  short  time,  from  military  to  civil  life.  It  is  obvious 
that  a  nation  with  these  tendencies  can  hare  no  desire  for  war. 

'  The  sand-blast  will  be  in  operation  this  year  at  the  Kensington 
International  Exhibition. 
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»  fell  as  a  cataract.  Near  Pontresina,  in  the 
there  is  such  a  case  ;  a  hard  gneiss  being  there 
y  to  form  a  gorge,  through  which  the  river  from 
sratsch  glacier  rushes.  The  barrier  of  the  Kirchet 
syringen  is  also  a  case  in  point.  Behind  it  was  a 
ved  from  the  glacier  of  the  Aar,  and  over  the 
be  lake  poured  its  excess  of  water.  Here  the 
ng  limestone,  was  in  great  part  dissolved ;  but 

this  we  had  the  action  of  tlie  sand  particles 
.ong  by  the  water,  each  of  which,  as  it  struck  the 
pped  it  away  like  the  particles  of  the  sand-blast, 
solution  and  mechanical  erosion,  the  great  chasm 
ensteraarschlucht  wiis  formed.  It  is  demonstrable 
water  which  flows  at  the  bottoms  of  such  deep 
nee  flowed  at  the  level  of  what  is  now  their  edges, 
bled  down  the  lower  faces  of  the  barriers.  Almost 
Hey  in  Switzerland  furnishes  examples  of  this 
e  imtenable  hypothesis  of  earthquakes,  once  so 
jsorted  to  in  accounting  for  these  gorges,  being 
he  most  part  abandoned.  To  produce  the  Canons 
m  America,  no  other  cause  is  needed  than  the  in- 

of  efiFects  individually  infinitesimal. 
now  we  come  to  Niagara.  Soon  after  Europeans 
1  possession  of  the  country,  the  conviction  appears 
irisen  that  the  deep  channel  of  the  river  Niagara 
le  fells  had  been  excavated  by  the  cataract.  In 
awell'a  •  Introduction  to  Geology,'  the  prevalence 
elief  has  been  referred  to ;  it  is  expressed  thus  by 
:  Joseph  Henry  in  the  '  Transactions  of  the  Albany 
: ' '  'In  viewing  the  position  of  the  falls,  and  the 
of  the  country  round,  it  is  impossible  not  to  be 
d  with  the  idea  that  this  great  natimil  raceway 
formed  by  the  continued  action  of  the  irresistible 


Quoted  by  BakewelL 
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Niagara,  and  that  the  falls,  beginning  at  Lewiston,  hare,  < 
in  the  course  of  ages,  worn  back  the  rocky  strata  to  tbeif  i 
present  site.'  The  same  view  is  advocated  by  Sir  Charle*  i 
Lyell,  by  Mr.  Hall,  by  M.  Agassiz,  by  Professor  Ramsay,  i 
indeed  by  most  of  those  who  have  inspected  the  place. 

A  connected  image  of  the  origin  and  progress  of  the 
cataract  is  easily  obtained.  Walking  northward  from  the 
village  of  Niagara  Falls  by  the  side  of  the  river,  we  have 
to  our  left  the  deep  and  comparatively  narrow  gorge, 
through  which  the  Niagara  flows.  The  bounding  clift  of 
this  gorge  are  from  300  to  350  feet  high.  We  reach  the 
whirlpool,  trend  to  the  north-east,  and  after  a  little  time 
gradually  resume  our  northward  course.  Finally,  at  about 
seven  miles  from  the  present  falls,  we  come  to  the  edge  of 
a  declinty,  which  informs  us  that  we  have  been  hitherto 
walking  on  table-land.  At  some  hundreds  of  feet  below 
U8  is  a  comparatively  level  plain,  which  stretches  to  Lake 
Ontario.  The  declivity  marks  the  end  of  the  precipitoii* 
gorge  of  the  Niagara.  Here  the  river  escapes  from  its 
steep  mural  boundaries,  and  in  a  widened  bed  pursues  its 
way  to  the  lake  which  finally  receives  its  waters. 

The  fact  that  in  historic  times,  even  within  the  memory 
of  man,  the  fall  has  sensilily  receded,  prompts  the  question. 
How  far  has  this  recession  gone  ?  At  what  point  did  the 
ledge  which  thus  continually  creeps  backwards  Ixigin  its 
retrograde  course  ?  To  minds  disciplined  in  such  researches 
the  answer  has  been,  and  will  be — At  the  precipitous  d4^| 
clivity  which  crossed  the  Niagara  from  Lewiston  on  th^H 
American  to  Queenston  on  the  Canadian  side.  Over  this 
transverse  barrier  the  united  afHuents  of  all  the  upper  lakes 
once  poured  their  waters,  and  here  the  work  of  erosion 
began.  Tlie  dam,  moreover,  was  demonstrably  of  suflBcient 
height  to  cause  the  river  above  it  to  submerge  Goat  Island ; 
and  this  would  perfectly  account  for  the  finding  by  Sir 
Charles  Lyell,  Mr.  Hall,  and  othere,  in  the  sand  and  gravi 


m 


v«^ 


NIAGARA. 


sn 


of  the  island,  the  same  fluviatile  shells  as  are  now  found 
in  the  Niagara  River  Ingher  up.  It  would  also  account 
for  those  deposits  along  the  sides  of  the  river,  the  discovery 
of  which  enabled  Lyell,  Hall,  and  Ramsay  to  reduce  to 
demonstration  the  popiUar  belief  that  the  Niagara  once 
flowed  through  a  shallow  valley. 

The  physics  of  the  problem  of  excavation,  which  I  made 
clear  to  my  mind  before  qiiitting  Niagara,  are  revealed  by 
a  close  inspection  of  the  present  Horseshoe  Fall.  We 
see  evidently  that  the  greatest  weight  of  water  l>ends 
over  the  very  apex  of  the  Horseshoe.  In  a  passage  in  his 
excellent  cliapter  on  Niagara  Falls,  Mr.  Hall  alludes  to 
this  fact.  Here  we  have  the  most  copious  aud  the  most 
violent  whirling  of  the  shattered  lii[uid  ;  here  the  most 
powerful  eddies  recoil  against  the  shale.  From  this  por- 
tion of  the  fall,  indeed,  the  spray  sometimes  rises  without 
I  solution  of  continuity  to  the  region  of  clouds,  becoraing 
P^pradually  more  attenuated,  and  passing  finally  through 
the  condition  of  true  cloud  into  invisible  vapour,  which  is 
sometimes  reprecipitateii  higher  up.  All  the  phenomena 
point  distinctly  to  the  centre  of  the  river  as  the  plac«  of 
greatest  mechanical  energy,  and  from  the  centre  the  vigour 
of  the  fall  gradually  dies  away  towards  the  sides.  The 
Horseshoe  form,  with  the  concavity  facing  downwards,  is 
an  obvious  and  necessary  consequence  of  this  action.  Right 
along  the  middle  of  the  river  the  apex  of  the  curve  pushes 
its  way  backwards,  cutting  along  the  centre  a  de«^p  and 
comparatively  narrow  groove,  and  draining  the  sides  as  it 
passes  them.'  Hence  the  remarkable  discrepancy  between 
the  widths  of  the  Niagara  above  and  below  the  Horseshoe. 
All  along  its  course,  from  Lewistou  Heights  to  its  present 
position,  the  form  of  the  fell  was  probably  that  of  a  horse- 

'  Id  ike  discoixrse  the  excnTation  of  the  crntru  aud  drainngc  of  the  aides 
action  vu  illiutiated  by  a  model  devised  by  my  lusistaut,  Mr.  John 
CottrelL 


242  FRAGMENTS  OF  SCIENCE. 

shoe  ;  for  this  is  merely  the  expression  of  the  greater  deptti, 
and  conseqiipnt  ly  greater  excavating  power,  of  the  centre 
of  the  river.  The  gorge,  moreovej,  varies  in  width,  as  the 
depth  of  the  centre  of  the  ancient  river  varied,  being 
narrowest  where  that  depth  was  greatest. 

The  vast  comparative  erosive  energy  of  the  Horseshw 
Fall  comes  striltin»l'^ »«+"  viova  wlsen  it  and  the  American 
Fall  are  comparet  e  American  branch  of  the 

upper  river  is  cu  igle  by  the  j^orge  of  the 

Niagara.     Here  t  kll  was  the  real  excavator. 

It  cut  the  rock,  a  precipice,  over  which  the 

American  Fall  tut  pe  its  formation,  the  e^^• 

sive  action  of  th  hU  has  been  almost  nil) 

while  the  Horsesl  way  for  500  yards  acros* 

the  end  of  Ooat  j  low  doubling  back  to  ex- 

cavate its  channfl  parallel  to  the  length  of  the  island. 
This  point,  which  impressed  nie  forcibly,  has  not,  I  have 
just  learned,  e.^capod  the  acute  observation  of  Profe^or 
Kamf^ay.'  The  river  bends;  the  Horseshoe  immediately  ac- 
commodates itself  to  the  bending,  and  will  follow  implicitly 
the  direction  of  the  deepest  water  in  the  upper  stream. 
The  flexibiliiy  of  the  f^orge,  if  I  may  use  the  term,  is  de- 
termined by  the  flexibility  of  the  river  channel  above  it. 
Were  the  Niagara  centre  above  the  fall  sinuous,  the  gorge 
would  obediently  follow  its  sinuosities.  Once  suggested, no 
doubt  geographers  will  be  able  to  point  out  many  examples 
of  til  is  action.  The  Zambesi  is  thought  to  present  a  great 
difficulty  to  the  erosion  theory,  liecause  of  the  sinuosity 
of  the  chasm  below  the  Victoria  Falls.  But,  assuming  the 
basalt  to  be  of  tolerably  uniform  texture,  had  the  river 

•  His  TTonls  are  :  '  Where  the  body  of  water  is  small  in  the  American 
Fall,  the  edge  has  only  reoeded  a  few  yards  (where  most  eroded)  during  the 
time  that  the  Canadian  Fall  has  rectnied  from  the  north  corner  of  Cast 
Island  to  the  innermost  cnrve  of  the  Horseslioe  Fall.' — Quarhrly  Journal 
of  Geological  Society,  May  1 859. 


NIAGAEA. 


S4S 


been  examined  before  the  formation  of  this  sinuous  channel, 
the  present  zigzag  course  of  the  gorge  below  the  fall  could, 

I  am  persuaded,  have  been  predicted,  while  the  sounding 
?  the  present  river  would  enable  us  to  predict  the  course 
>  be  pursued  by  the  erosion  in  the  future. 
But  not  only  has  the  Niagara  River  cut  the  gorge  ;  it 
18  carried  away  the  chips  of   its  own  workshop.     The 
lele,  being  probably  crumbled,   is   easily  carried  away. 
Qt  at   the  base  of  the  fall  we  find  the  huge  boulders 
^already  described,  and  by  some  means  or  other  these  are 
^hnoved  down  the  river.     The  ice  which  fills  the  gorge  in 
^winter,  and  which  grapples  with  the  boulders,  has  been 
^^arded  as  the  transporting  agent.     Probably  it  is  so  to 
^Hde  extent.     But   erosion  acts  without  ceasing   on  the 
abutting  points  of  the  boulders,  thus  ^vithd^awing  their 
support  and  urging  them  gr.-idualty  down  the  river.     So- 
lution also  does  its  portion  of  tlie  work.     That  solid  matter 
is  carried  down  is  proved  by  the  diiTerence  of  depth  between 
the  Niagara  River  and  Lake  Ontario,  where  the  river  enters 
it.     The  depth  falls  from  72  feet  to  20  feet,  in  consequence 
of  tlie  deposition  of  solid  matter  caused  by  the  diminished 
motion  of  the  river.' 

The  accompanying  highly  instructive  map  has  been 
reduced  from  one  published  in  Mr.  Hall's  '  Geology  of 
New  York.'  It  is  based  on  surveys  executed  in  1842,  by 
Messrs.  Gibson  and  Everslied.  The  ragged  edge  of  the 
American  Fall  north  of  Goat  Island  marks  the  amount  of 
erosion  which  it  has  been  able  to  accomplish,  while  the 
Horseshoe  Fall  was  cutting  its  way  southward  across  the 
end  of  Goat  Island  to  its  present  position.  The  American 
Fall  is  168  feet  high,  a  precipice  cut  down,  not  by  itself, 
but  by  the  Horseshoe  Fall.  Tlie  latter  in  1842  was  159 
^eet  high,  and,  as  shown  by  the  map,  is  already  turning 

^F  '  NoaT  the  mouth  of  tho  gorge  at  Qaeengton,  the  depth,  according  to 
the  AdmimUy  Chart,  is  18U  feet ;  well  within  the  gorge  it  is  132  fMU 
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_ea8tward,  to  excavate  its  gorge  along  the  centre  of  the 

[>per  river.     P  is  the  apex  of  the  Horseshoe,  and  t  marks 

be  site  of  the  Terrapin  Tower,  with  the  promontory  ad- 

ent,  round  which  I  was  conducted  hy  Conroy.     Pro- 

kbly  since  1842  the  Horseshoe  has  worked  back  heyond  the 

ition  here  assigned  to  it. 

In  conclusion,  we  may  say  a  word  regarding  the  proxi- 
iite  future  of  Niagara.    At  the  rate  of  excavation  assigned 
it  by  Sir  Charles  Lyell,  namely,  a  foot  a  year,  five  thou- 
ad  years  or  so  will  carry  the  Horseshoe  Fall  far  higher 
than  Goat  If^land.     As  the  gorge  recedes  it  will  drain,  as 

thas  hitherto  done,  the  banks  right  and  left  of  it,  thus 
iving  a  nearly  level  terrace  between  Goat  Island  and  the 

edge  of  the  gorge.  Higher  up  it  will  totally  tlraiu  the 
^■nerican  branch  of  the  river ;  the  channel  of  which  in 

oue  time  will  hecome  cultivable  land.  The  American 
,  Fall  will  then  be  transformed  into  a  dry  precipice,  forming 

a  simple  continuation  of  the  cliffy  boundary  of  the  Niagara. 
^Bft  the  place  occupied  by  the  fall  at  this  moment  we  shall 
^Bive  the  gorge  enclosing  a  right  angle,  a  second  whirlpool 

being  the  consequence  of  this.  To  those  who  visit  Niagara 
^■iew  millenniums  hence  I  leave  the  verification  of  this 
^prediction.     All  that  can  be  said  is,  that  if  the  causes  now 

in  action  continue  to  act,  it  will  prove  itself  literally  true. 
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UNDERTAKEN  in  a  reverent  and  loving 

spirit,  the  w  je  Jones  maken  FaraiiaT 

the  virtual  writer  ,     Everybody  now  kncnn 

the  story  of  the  pi  b  ;  that  hie  lather  was  & 

smith;  that  he  wa  rJngton  Butts  in   179!; 

that  he  ran  along  the  Lonaon  pavements,  a  bright-eyed 
errand  boy,  with  a  load  of  brown  curls  upon  his  head  and 
a  packet  of  newspapers  under  his  arm ;  that  the  lad's 
master  was  a  bookseller  and  bookbinder — a  kindly  man, 
who  became  attached  to  the  little  fellow,  and  in  due  time 
made  him  his  apprentice  without  fee ;  that  during  his 
apprenticeship  he  found  his  appetite  for  knowledge  pro- 
voked and  strengthened  by  the  books  he  stitched  and 
covered.  Thus  he  grew  in  wisdom  and  stature  to  his 
year  of  legal  manhood,  when  he  appears  in  the  volumes 
before  us  as  a  writer  of  letters,  which  reveal  his  occupa- 
tion, acquirements,  and  tone  of  mind.  His  correspondent 
was  Mr.  Abbott,  a  member  of  the  Society  of  Friends,  who, 
■with  a  forecast  of  his  correspondent's  greatness,  preserved 
his  letters  and  produced  them  at  the  proper  time. 

In  later  years  Faraday  always  carried  in  his  pocket  a 
blank  card,  on  which  he  jotted  down  in  pencil  his  thoughts 
and  memoranda.  He  made  his  notes  in  the  laboratory,  in 
the  theatre,  and  in  the  streets.  This  distrust  of  his 
memory  reveals  itself  in  his  first  letter  to  Abbott.     To  a 
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proposition  that  no  new  enquiry  should  he  started  between 
them  before  the  old  one  had  been  exhaiutively  discussed, 
Faraduy  objects.  '  Y'our  notion,"  he  says,  '  I  can  hardly 
allow,  for  the  following  reason  :  ideas  and  thoughts  spring 
up  in  my  mind  which  are  irrevocably  lost  for  want  of 
noting  at  the  time.'  Gentle  as  he  seemed,  he  wished  to 
ihave  hia  own  way,  and  he  liad  it  throughout  his  life, 
Hfferences  of  opinion  sometimes  arose  Ijetween  the  two 
riends,  and  then  they  resolutely  faced  each  other.  '  I  ac- 
spt  your  ofifer  to  fight  it  out  with  joy,  and  shall  in  the 
ittle  of  experience  cause  not  pain,  but,  I  hope,  pleasure.' 
Paraday  notes  his  own  impetuosity,  and  incessantly  cheeks 
Tlieie  is  at  times  sometliing  meelianical  in  his  self- 
estraint.  In  another  nature  it  would  have  hardened  into 
mere  '  correctness '  of  conduct ;  but  his  overflowing  affec- 
tions prevented  this  in  his  case.  The  habit  of  self-control 
became  a  second  nature  to  him  at  last,  and  tent  serenity 
to  his  later  years. 

In  October  1812  he  was  engaged  by  a  Mr.  De  la 
Roche  as  a  journeyman  bookbinder  ;  but  the  situation  did 
not  suit  him.  His  ma-ster  appears  to  have  been  an  aus- 
tere and  passionate  man,  and  Faraday  was  to  the  last 
degree  sensitive.  All  his  life  he  c>)ntinued  so.  He  suf- 
fered at  times  from  dejection ;  and  a  certain  grimness,  too, 
pervaded  his  moods.  '  At  present,'  he  writes  to  Abbott, '  I 
am  as  serious  as  you  ean  be,  and  would  not  scruple  to 
speak  a  truth  to  any  Liunan  being,  whatever  repugnance 
it  might  give  rise  to.  Being  in  this  state  of  mind,  I 
should  have  refrained  from  writing  to  you,  did  I  not  con- 
ceive from  the  general  tenor  of  your  letters  that  your 
mind  is,  at  proper  times,  occupied  upon  serious  subjects 
to  the  exclusion  of  those  that  are  frivolous.'  Plainly 
he  had  fallen  into  that  stem  Puritan  mood,  which  not 
only  crucifies  the  afTectioos  and  lusts  of  him  who  bar- 
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))our8  it,  but  is  often  a  cause  of  disturbed  digestion  to  his 
friends. 

About  three  months  after  Ills  engagement  with  De  la 
Roclie,  Faraday  (quitted  him  and  bookbinding  together. 
He  had  ticard  Davy,  copied  his  lectures,  and  written  to 
him,  entreating  to  be  released  from  Trade,  which  he  hated, 
ad  enabled  to  pursue  Science.  Davy  recognised  tlie 
lerit  of  his  correspondent,  kept  his  eye  upon  him,  and, 
when  occasion  ofRred,  drove  to  his  door  and  sent  in  ft 
letter,  offering  him  the  post  of  assistant  in  the  labora- 
tory of  till-  Roy.nl  Institution-  He  was  engaged  March  1, 
1812,  and  ou  the  bth  we  find  him  extracting  the  sugar 
from  beet-root.  He  joined  the  City  Philosophical  Society 
which  had  been  founded  by  Mr.  Tatmn  in  1808,  'The 
discipline  was  very  sturdy,  the  remarks  very  plain,  and 
the  results  most  valuable.'  •  Faraday  derived  great  profit 
from  this  little  association.  In  the  laboratory  he  had  a 
discipline  sturdier  still.  Both  Davy  and  himself  were  at 
this  time  freq\iently  cut  and  bruised  by  explosions  of  chlo- 
ride of  nitrogen.  One  explosion  was  so  rapid  '  as  to  blow^ 
my  hand  open,  tear  away  a  part  of  one  nail,  and  make  my 
fingers  so  sore  that  I  cannot  use  them  easily.'  In  another  _ 
experiment '  the  tube  and  receiver  were  blown  to  pieces,  iH 
got  a  cut  on  the  head,  and  .Sir  Humphry  a  bruise  on  ' 
his  hand.'  And  again  speaking  of  the  same  svibsiance,  be 
says,  '  when  put  in  the  pump  and  exhausted,  it  stood  for 
a  moment,  and  then  exploded  with  a  fearhil  noise.  Both 
Sir  H.  and  I  liad  masks  on,  but  I  escaped  this  time  tbs 
best.  Sir  H.  had  his  face  cut  in  two  places  about  the 
chin,  and  a  violent  blow  on  the  forehead  struck  through 
considerable  thickness  of  silk  and  leather.'  It  was  this 
same  substance  that  blew  out  the  eye  of  Dulong. 

Over  and  over  again,  even  at  this  early  date,  we  oaofl 
discern  the  quality  which,  compounded  -mth  his  rare  intel- 
lectual power,  made  him  a  great  experimental  philosopher. 
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This  was  his  desire  to  see  facts,  and  not  to  rest  contented 
■with  the  descriptions  of  them.  He  frefiiiently  pits  the 
eye  against  the  ear,  and  affirms  the  enormous  superiority 
of  the  organ  of  vision.  Late  in  life  I  have  heard  him  siiy 
that  he  could  never  fully  understand  an  experiment  until 
he  had  seen  it.  But  he  did  not  confine  himself  to  experi- 
ment. He  aspired  to  be  a  teacher,  and  reflected  and 
wrote  upon  the  method  of  scientific  exposition.  '  A  lec- 
turer,' he  observes,  '  shoukl  appear  easy  and  collected,  un- 
daimted  and  unconcerned:'  still  'bis  whole  Ijehaviour 
should  evince  respect  for  his  audience.'  These  recommend- 
ations were  afterwards  in  great  part  embodied  by  himself, 
I  doubt  his  '  unconcern,'  but  his  fearlessness  was  often 
manifested.  It  used  to  rise  within  hira  as  a  wave,  which 
carried  botli  him  and  his  audience  along  with  it.  On  rare 
occasions  also,  when  he  felt  himself  and  his  subject  hope- . 
lessly  uniutelligible,  lie  suddenly  evoked  a  certain  reckless- 
ness of  thought,  and,  without  halting  to  extricate  his  bewil- 
dered followers,  he  would  dash  alone  through  the  jungle 
into  which  he  had  unwittingly  led  them ;  thus  saving 
them  from  ennui  by  the  exhibition  of  a  vigour  which,  for 
the  time  being,  they  could  neither  share  nor  comprehend. 
In  October  1813  he  quitted  England  with  Sir  Hum- 
phry and  Lady  Da\-y.  During  his  absence  he  kept  a 
journal,  from  which  copious  and  interesting  extracts  have 
been  made  by  Dr.  Bence  .Tones.  Davy  was  considerate, 
preferring  at  times  to  be  his  own  servant  rather  than  im- 
pose on  Faraday  duties  which  he  disliked.  But  Lady 
Davy  was  the  reverse.  She  treated  him  as  an  underling; 
he  chafed  under  the  treatment,  and  was  often  on  the  point 
of  returning  home.  They  halted  at  Geneva.  De  la  Rive, 
the  elder,  had  known  Davy  in  1799,  and,  by  his  writings  in 
the  '  Bibliotheque  Britaunique,'  had  been  the  first  to  make 
the  English  chemist's  laV>ours  known  abroad.  He  wel- 
comed Davy  to  his  country  residence  in  1814.     Botk-^etft 
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sportsmen,  and  they  often  went  out  shooting  together. 
Ou  these  occasions  Faraday  charged  Davy's  gun  while  D* 
la  liive  charged  his  own.  Once  the  Genevese  philudupbt^ 
found  himself  by  the  side  of  Faraday,  and  in  his  fr 
and  genial  way  entered  into  conversation  with  the 
uiau.  It  was  evident  that  a  person  possessing  M 
charm  of  manner  and  such  high  intellivenco  could  be 
mere  servaut.  On  enquiry  De  la  Rive  was  somewh 
shocked  to  find  that  the  8oi-di«ant  (lomestique  was  m]l| 
pripanit^ur  in  the  laboratory  of  the  Royal  Institution ; ; 
he  immediately  proposed  that  Faraday  thenceforth  shoiild 
join  the  masters  instead  of  the  servants  at  their  meal& 
To  this  Davy,  probubly  out  of  weak  deference  to  his  wife, 
objected ;  but  an  arrangement  wan  come  to  that  Far 
thenceforward  should  have  his  food  in  his  own  roon 
fiumour  states  that  a  dinner  in  lionour  of  Faraday  wi 
[given  by  De  la  Rive.  This  ib  a  delusion  ;  there  waa  no 
such  banquet ;  but  Faraday  never  forgot  the  kindness  of 
the  friend  who  saw  his  merit  when  he  was  a  mere  garx>on 
de  UihonUoire.^ 

He  returned  in  1815  to  the  Royal  Institution.  Here 
he  helped  Davy  for  years ;  he  worked  also  for  himself,  an 
lectured  freijueutly  at  the  City  Philosophical  Society! 
He  took  lessons  in  elocution,  happily  without  damage  to 
his  natiiral  force,  esu-nestness,  and  grace  of  delivery.  He 
was  never  pledged  to  theory,  and  he  changed  in  opinion 
as  knowledge  advanced.  With  him  life  was  growth.  In 
those  early  lec(  ures  we  hear  him  8.iy,  '  In  knowledge,  that 
man  only  is  to  be  contemned  and  despised  who  is  not  in  K 


'  While  confined  lout  niitumn  at  Godstb  by  the  efii>ctj9  of  it  fall  io  tfa* 
Alps,  my  fripn<ie,  with  h  kindness  I  cnn  never  forget,  did  nil  Uint  friroddup 
couM  Btiggvst  (o  render  my  captivity  pleiuant  to  me>.  M.  de  la  R\yt  tbM 
irmtv  out  for  me  tho  full  Account,  of  which  the  foregoing  is  a  conilciia«l 
Ahstnu't.  It  mu  at  the  desire  of  Dr.  Benco  Jones  that  I  asked  hint  to  do 
•0.  The  ruraonr  of  a  lianqnet  at  Geneva  illuitratos  the  taodency  to  tub- 
■tituta  for  the  yoath  of  1814  the  Faraday  of  later  yaan. 
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rtaie  of  transition.'  And  again  :  '  Nothing  is  more  diflB- 
cult  and  requires  more  caution  than  philosophical  deduc- 
tion, nor  is  there  anything  more  adverse  to  its  accuracy 
than  fixity  of  opinion.'  Not  that  lie  was  wafted  about  by 
every  wind  of  doctrine;  but  that  he  imited  flexibility 
with  liis  strength.  In  striking  contrast  with  tliis  intel- 
lectual expansiveness  was  his  fixity  in  religion,  but  this  is 
a  subject  which  cannot  be  discussed  here. 

Of  all  the  letters  published  in  these  voliunes  none 
possess  a  greater  charm  than  tliose  of  Faraday  to  his  wife. 
Here,  as  Dr.  Bence  Jones  truly  remarks,  '  he  laid 
open  all  bis  mind  and  the  whole  of  his  character,  and 
what  can  be  made  known  can  scarcely  fail  to  charm  every 
one  by  its  loveliness,  its  truthfulness,  and  its  earnestness.' 
Abbott  and  he  sometimes  swerved  into  word-play  about 
love  ;  but  up  to  1820,  or  thereabouts,  the  passion  was 
potential  merely.  Faraday's  journal  indeed  contains  en- 
tries which  show  that  he  took  pleasure  in  the  assertion  of 
his  contempt  for  love;  but  these  very  entries  became 
links  in  his  destiny.  It  was  through  them  that  he 
became  acquainted  with  one  who  inspired  him  with  a 
feeling  which  only  ended  with  his  life.  His  biographer 
has  given  us  the  means  of  tracing  the  varying  moods 
which  preceded  his  acceptance.  They  reveal  more  than 
t-he  common  alternations  of  light  and  gloom  ;  at  one 
moment  he  wishes  that  his  flesh  might  melt  and  he  be- 
come nothing;  at  another  he  is  intoxicated  with  hope. 
,e  impetuosity  of  his  character  was  then  unchastened  by 
the  discipline  to  which  it  was  subjected  in  after-years. 
The  very  strength  of  his  passion  proved  for  a  time  a  bar 
to  its  advance,  suggesting,  as  it  did,  to  the  couiicientious 
mind  of  Miss  Barnard,  doubts  of  her  capability  to  return 
it  with  adequate  force.  But  they  met  again  and  again, 
and  at  each  successive  meeting  he  found  his  heaven 
clearer,   until   at   length    he   was   able  to   say,  '^oVj  * 


363 


FRAGMENTS   OP   SCIENCE. 


moment's    alloy   of    tliis   evening's   happiness    occurred. 
Everything  was  delightful  to  tlie  last  moment  of  my  sta; 
vpith  my  companion,  bec-aiise  she  was  bo.'     The  turhulem 
of  doubt  subsided,  and  a  calm  and  elevating  confident 
took  its  place.     '  What  can  I  call  myself,'  he  Writes  to  )i 
in  a  subse<juent  letter,  '  to  convey  most  perfectly  my  aSi 
tion  and  love  for  you  ?     Can  I  or  can  truth  say  more  thi 
that  for  tliis  world  I  am  yours  ? '     Assuredly  he  made  hi 
profession  good,  and  no  fairer  light  falls  upon  his  cl 
racter  than  that  which  reveals  his  relations  to  his 
Never,  I  believe,  existed  a  manlier,  purer,  steadier  lo 
Like  a  burning  diamond,  it  continued  to  shed,  for  six 
forty  years,  its  white  and  smokeless  glow. 

Faraday  was  married  on  .Tune  12,  1821  ;  and  up 
this  date  Davy  appears  throughout  as  his  friend.     SfKin 
afterwards,  however,   disunion    occurred   between    them, 
which,  while  it  lasted,  must  have  given  Faraday  intense 
pain.     It  is  impossible  to  doubt  the  honesty  of  conviction 
with  which  this  subject  has  been  treated  by  Dr.  Bence 
Jones,  and  there  may  be  facts  known  to  him,  but  not  ap- 
pearing in  these  volumes,  which  justify  his  opinion  that 
Davy  in  those  days  had  become  jealous  of  Faraday.     This, 
which  is  the   prevalent  belief,  is  also  reproduced   in  an 
excellent  article  in  the  March  number  of  '  Fraser's  Mag^H 
zine.'     But  the  best  analysis  I  can  make  of  the  data  fait^H 
to  present  Davy  in  this  light  to  me.    The  facte,  as  I  rej 
them,  are  briefly  these. 

In  1820,  Oergt<?d  of  Copenhagen  made  the  celebrati 
discovery  which  connects  electricity  with  magnetism,  and 
immediately  afterwards  the  acute  mind  of  Wollaston  per- 
ceived that  a  wire  carrying  a  current  ought  to  rotate 
roimd  its  own  axis  under  the  influence  of  a  magnetic  pole. 
In  1821  he  tried,  but  failed,  to  realise  this  result  in  the 
laboratory  of  the  Koyal  Institution.  Faraday  was  not 
present  at  the  moment,  but  he  came  in  immediately  after- 
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rds  and  heard  the  conversation  of  WoUaston  and  Davy 
about  the  experiment.     He  had  also  heard  a  rumour  of  a 

rer  that  Dr.  Wollaston  would  eventually  succeed. 
This  was  in  April.     In  the  autiunn  of  the  same  year 
Faraday  wrote  a  history  of  electro-magnetism,  and  repeated 
^or  himself  the  experiments  which  he  described.     It  was 
^^Kiile  thus  instructing  himself  that  he  succeeded  in  causing 
^Bwire,  carrying  an  electric  current,  to  rotate  roimd  a  mag- 
netic pole.     This  was  not  the  residt  sought  by  Wollaston, 
^but  it  was  closely  related  to  that  result. 
HI    The  strong  tendency  of  Faraday's  mind  to  look  upon 
the  reciprocal  actions  of  natural  forces  gave  birth  tu  his 
greatest   discoverien ;  and  we,  who   know  this,  should  be 
justified  in  concluding  that,  even  had  Wollaston  not  pre- 
Heded  him,  the  result  would  have  been  the  same.     But  in 
^fidging  Davy  we  ought  to  transport  ourselves  to  his  time, 
and  carefully  exclude  from  our  thoughts  and  feelings  that 
uoble  subsequent  life,  which  would  render  simply  impos- 
sible the  ascription  to   Faraday  of  anything  unfair.     It 
^would  be  unjust  to  Davy  to   put  our   knowledge  in   the 
Hpace  of  his,  or  to  credit  him  with   data  which  he  could 
not  have  possessed.     Rimiour  and  fact  had  connected  the 
name    of   "Wollaston   with    these   supposed    interactions 
between  magnets  and  currents.    When,  therefore,  Faraday 
in  October   pulilished  his  successful  experiment,  without 
any  allusion    to    Wollaston,    general,    though    really   un- 
grounded, criticism  followed.     I  say  ungrounded  because, 
firstly,  Faraday's  expt-riment  was  not  that   of  Wolla.ston, 
and  secondly,  Faraday,  before  he  published  it,  had  actually 
called  upon  Wolhiston,  and  not  finding  him  at  home  did 
not  feel  himself  authorised  to  mention  his  name. 

In  December,  Faraday  published  a  second  paper  on  the 

anme    subject,    from   which,  through  a    misappreliension, 

■Ihe  name  of  Wollaston  nas  also  omitted.     Warburton  and 

others  thereupon  affirmed  that  W^oUaston's  ideas  had  beeu 
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appropriated  without  acknowledgment,  and  it  is  plain  tbat 
Wollaston  himself,  though  cautious  in  his  utterance,  wm 
also  hurt.  Censure  grew  till  it  became  intolerable.  'I 
hear,'  writes  Faraday  to  his  friend  Stodart, « every  day  more 
and  more  of  these  sounds,  which,  though  only  whispers  to^l 
me,  are,  [  suspect,  spoken  aloud  among  scienti6c  meo.4 
He  might  have  writtejj  explanations  and  defences,  but  he 
went  straighter  to  the  point.  He  wished  to  see  the  prin- 
cipals face  to  face — to  plead  his  cause  before  them  person- 
ally. There  was  a  certain  vehemence  in  his  desire  to  do  this. 
He  saw  Wollaston,  he  saw  Davy,  he  saw  Warburton ;  and 
I  am  inclined  to  think  that  it  was  the  irresistible  candour 
and  truth  of  character  which  these  viva  voce  defences  re- 
vealed, as  much  as  the  defences  themselves,  that  disarmed 
resentment  at  the  time. 

As  regards  Davy,  another  cause  of  dissension  arose  in 
1823.     In  the  spring  of  that  year  Faraday  analysed  the 
hydrate  of  chlorine,  a  substance  once  believed  to  lie  the 
element  chlorine,  but  proved  by  Davy  to  be  a  compound 
of  th»t  element  and  waU>r.     The  analysis  was  looketi  over 
by  Da\-y,  who  then  and  there  suggested  to  Faraday 
heat  the  hydrate  in  a  closed  glass  tube.     This  was  doni 
the  substance  was  decomposed,  and  one  of  the  prn«lucts  of 
decomposition   was  proved   by   Faraday  to   be    chlori 
liquefied  by  its  own  pressure.     On  the  day  of  its  discc 
he  communicated  this  result  to  Dr.  Paris.    Davy,  on  bei 
informed  of  it,  instantly  liquefied  another  gas  in  the 
way.     Having  struck  thus  into  Faraday's  enquiry,  ougl 
he  not  to  have  left  the  matter  in   Faraday's  hands? 
think  he  ought.     But,  considering  his  relation  to  bol 
Faraday  and  the  hydrate  of  chlorine,  Davy,  I  submit, 
be   excuseil  for  thinking   differently.      A  father    is  w 
always  wise  enough  to  see  that  his  son  has  cej»se<l  to  be 
boy,  and  estrangement  on  this  account  is  not  rare ;  m 
was  Davy  wise  enough  to  discern  that  Faraday  bad 
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mere  assistant  stage,  and  become  a  discoverer.  It  is 
low  hard  to  avoid  mafpiifying  this  error.  But  had  Fara- 
day died  or  ceased  to  work  at  this  time,  or  had  his  subse- 
ent  life  been  devoted  to  money-getting,  instead  of  to 
search,  would  anybody  now  dream  of  ascribing  jealousy 
Davy  ?  Assuredly  not.  Why  should  he  be  jealous  ? 
reputation  at  this  time  was  almost  without  a  parallel : 
glory  was  without  a  cloud.  He  had  added  to  his  other 
coveries  that  of  Faraday,  and  after  having  been  his 
Kcber  for  seven  years,  his  language  to  him  was  this:  '  It 
Ives  me  great  pleasure  to  hear  that  you  are  comfortable 
the  Royal  Institution,  and  I  trust  that  you  will  not 
ly  do  something  good  and  honourable  for  yourself,  but 
for  science.'  This  is  not  the  language  of  Jealousy, 
^Jbtential  or  actual.  But  the  chlorine  business  introduced 
irritation  and  anger,  to  which,  and  not  to  any  ignobler 
motive,  Davy's  opposition  to  the  election  of  Fiu-aday  to 
the  Royal  Society  is,  I  am  persuaded,  to  be  ascribed. 

These  matters  are  touched  upon  with  perfect  candour, 
and  becoming  consideration,  in  the  volumes  of  Dr.  Bence 
Jones  ;  but  in  '  society  '  they  are  not  always  so  handled. 
Here  a  name  of  noble  intellectual  associations  is  surrounded 
by  injurious  rumours  which  I  would  willingly  scatter  for 
ever.  The  pupil's  magnitude,  and  the  splendour  of  his 
position,  are  too  great  anfl  absolute  to  need  as  a  foil  the 
hmniliation  of  his  master.  Brothers  in  intellect,  Davy  and 
Faraday,  however,  could  never  have  become  brothers  in 
feeling  ;  their  characters  were  too  imlike.  Davy  loved  the 
pomp  and  circumstance  of  fame  ;  Faraday  the  inner  con- 
sciousness that  he  had  fairly  won  renown.  They  were 
both  proud  men.  But  with  Davy  pride  projected  itself 
into  the  outer  world  ;  while  with  Faraday  it  became  a 
steadying  and  dignifying  inward  force.  In  one  great  par- 
ticular they  agreed.  Each  of  them  could  have  turned  his 
science  to  immense  commercial  profit,  but  neither  of  them 
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did  so.  T]ie  noble  excitement  of  research,  and  the  dt*Ii<;lit 
of  discovery,  conistituted  tlieir  reward.  I  commend  tlifiii 
to  the  reverence  which  great  gifts"  greatly  exercised  oiigiit 
to  inspire.  They  were  both  ours ;  and  thnmgh  the  c<>miii* 
centuries  Ent^land  will  bo  able  to  point  with  just  pride 
the  possession  of  such  men. 


The  first  voli  »  and  I.*tter3 '  rerealo  to 

us  the  youth  wl  tlier  Ut  the  man.      Skil- 

ful, aspiriity,  rca  teadily  in  knowledgj;  and 

in  power,     (.'onsi  jjsciously,  the  relation  of 

Action  to  Keiicti  Itaat  to  Faraday's  mind. 

It  had  been  fost.  Wvery  of  ^lognetic  Hot»> 

tions,  and  it  pbinted  in  him  more  daring  ideas  of  a  similar 
kind.  Magnetism  he  knew  could  be  evoked  by  electricity, 
and  lie  tliought  that  electricity,  in  its  turn,  ought  to  be 
capable  of  evolution  by  magnetism.  On  August  29,  1831, 
his  experiments  on  this  subject  began.  He  had  been  forti- 
fied by  previous  trials,  which,  though  failures,  had  be- 
gotten instincts  directing  him  towards  the  truth.  He, 
like  every  strong  worker,  might  at  times  miss  the  outward 
object,  but  he  always  gained  the  inner  light,  education 
and  expansion.  Of  this  Faraday's  life  was  a  constant 
illustration.  By  November  he  had  discovered  and  colli- 
gated a  multitude  of  the  most  wonderful  and  unexpected 
phenomena.  He  had  generated  currents  by  currents ; 
currents  by  magnets,  permanent  and  transitory ;  and  he 
afterwards  generated  currents  by  the  earth  itself.  Arago's 
'  Magnetism  of  Rotation,'  wliich  had  for  years  offered  itself 
as  a  challenge  to  the  best  scientific  intellects  of  Europe, 
now  fell  into  his  hands.  It  proved  to  be  a  beautiful,  but 
still  special,  illustration  of  the  great  principle  of  Magneto- 
electric  Induction.     Nothing  equal  to  this,  in   the  way 
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•of   pure    experimental    enquiry,    liarl    previously    heen 
achieved. 

Electricities  from  various  sources  were  next  examined, 
■and  tbeir  ditTerenct-s  and  resemblances  revealed.  Ho  thus 
red  himself  of  their  substantial  identity.  He  then 
ok  up  Conduction,  and  gave  many  striking  illustrations 
of  the  influence  of  P'usion  on  Conducting  Power.  Ke- 
nouncing  professional  work,  from  which  at  this  time  he 
■might  have  derived  an  income  of  many  thousands  a  year, 
he  poured  his  whole  momentum  into  his  researches.  He 
was  long  entangled  in  Electro-chemistry.  The  light  of 
law  was  for  a  time  obscured  liy  the  thick  umbrage  of  novel 
fects ;  but  he  finally  ■emerged  from  his  researches  with 
the  great  principle  of  Definite  Electro-chemical  Decom- 
position in  his  hands.  If  his  discovery  of  Man;neto-elec- 
tricity  may  be  ranked  with  that  of  the  Pile  by  VoKa,  this 
new  discovery  may  almost  stand  beside  that  of  Definite 
Combining  Proportions  in  Chemistry.  He  passed  on  to 
Static  Electricit}- — its  Conduction,  Induction,  and  Mode 
of  Propagation.  He  discovered  and  illustrated  the  prin- 
ciple of  Inductive  capacity ;  and,  turning  to  tlicory,  he 
asked  himself  how  electrical  attractions  and  repulsions  are 
transmitted.  Are  they,  like  gravity,  .actions  at  a  distance, 
or  do  they  recjuire  a  medium  ?  If  the  former,  then,  lil<e 
gravity,  they  will  act  in  straight  lines ;  if  the  latter,  then, 
like  sound  or  light,  tliey  may  turn  a  corner.  Faraday 
held — and  his  views  are  gaining  grotmd — that  his  experi- 
ments proved  the  fact  of  ciu'vilinear  propagation,  and 
hence  the  operation  of  a  medium.  Others  denied  this  ; 
but  none  can  deny  the  ])rofound  and  philosophic  character 
of  his  leading  thought.'  The  first  volume  of  the  Eesearches 
contains  all  the  papers  here  referred  to. 

•  In  .1  very  remnrkuMe  piiper  pul/lished  in  PogptDJorlTs  '  Aniutlen  '  for 
18.'i7,  Werner  Siemens  iicecits  ;irnl  divclops  Furudjiy's  lUcoiy  of  Molecular 
Induction. 
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Faraday  Lad  heard  it  stated  that  heneeforth  p!iysicaJ 
discoveries  would  bo  made  solely  by  the  aid  of  mat  tiemattcs; 
that  we  had  our  data,  and  iieixled  only  to  wt>rk  deductively. 
Statements  of  a  similar  character  crop  out  from  tiane  to 
time  in  our  <lay.  They  arise  from  an  imperfrct  acquaijit- 
ance  with  the  nature,  present  condition,  and  prospective 
vastness  of  the  fi  ' '  '  '  '  '  enquiry.  The  tendency 
of  natural  science  o  brinj^  all  pljysical  plic* 

nomena  mider  th(  mcfhanical  laws ;  to  gire 

them,  in  other  W(  ical  expreasiou.     But  our 

approach   tn  this  iptotxc ;  tmd  for    aj;t»s  to 

come — possibly  fc  '  the  human  racf — Natun^ 

will  find  room  fo  liloflophical   experimt'iitcr 

and    the   mathen  aday  entered    his  protiwt 

against  the  foregoinjj  siavci±Jt:m.  by  labelling  his  investiga- 
tions '  Experimental  Researches  in  Electricity.'  They 
were  completed  in  1854,  and  three  vohimes  of  them  have 
been  published.  For  the  siike  of  reference,  he  numbered 
every  paragraph,  the  last  number  being  3362.  In  185^ 
he  collected  anil  published  a  fourth  vohmie  of  papers,  under 
the  title,  '  Experimental  Researches  in  Cliemistry  and 
Pliysics.'  Tfuis  the  apostle  of  experiment  illustrated  its 
power,  and  tnaijnified  his  office. 

The  second  volume  of  the  Researches  embraces  memoirs 
on  the  Electricity  of  the  Gymnotua ;  on  the  Soiu^e  of 
Power  in  the  Voltaic  Pile  ;  on  tlie  Electricity  evolved  by 
the  P>iction  of  "Water  and  Steam,  in  which  the  phenomena 
and  principles  of  Sir  "V\'illiam  Armstrong's  Hydro-electric 
machine  are  described  and  developed ;  a  paper  on  Mag- 
netic Rotations,  and  Faraday's  letters  in  relation  to  the 
controversy  it  aroused.  The  contribution  of  meet  per- 
manent value  here,  is  that  on  the  Source  of  Power  in  the 
Voltaic  Pile.  By  it  the  Contact  Theory,  pure  and  simple, 
was  totally  overthrown,  and  the  necessity  of  chemical  action 
to  the  maintenance  of  the  current  demonstrated. 
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The  third  volume  of  the  Researches  opens  witli  a 
memoir  entitled  '  The  Magnetisation  of  Ligfht,  and  the 
Illumination  of  Magnetic  Lines  of  f-orcu.'  It  is  difficult 
even  now  to  affix  a  definite  meaning  to  this  title  ;  but  the 
discovery  of  the  rotation  of  the  plane  of  polarisation,  which 
it  announced,  seems  pregnant  with  great  results.  The 
writings  of  William  Thomson  on  the  theoretic  aspects  of 
the  discovery;  the  excellent  electro-dynamic  measure- 
ments of  Wilhelm  Weber,  wliich  are  mofli'ls  of  experi- 
mental completeness  and  skill  ;  Weber's  lalxiura  in  con- 
junction with  his  lamented  friend  Kohlraiisch — above  all, 
the  researches  of  Clerk  Maxwell  on  the  Klectro-magnetic 
heory  of  Light — point  to  that  wonderful  and  mysterious 
edium,  which  is  the  vehicle  of  light  and  radiant  heat,  as 
the  probable  basis  also  ofmagnetic  and  electric  phenomena. 
le  hope  of  such  a  connection  was  first  raised  by  the 
overy  here  referred  to.'  Faraday  himself  seemed  to 
cling  with  particular  affection  to  this  discovery.  He  felt 
that  there  was  more  in  it  than  he  was  able  to  imfold.  He 
edicted  that  it  would  grow  in  meaning  witli  the  growth 
science.  This  it  has  done ;  this  it  is  doing  now.  Its 
right  interpretation  will  probably  mark  an  epoch  in  scien- 
jfic  history. 

Itapidly  following  it  is  the  discovery  of  Diamagnetism, 
or  the  Kepulsion  of  Matter  by  a  magnet.  Brugmans  had 
shown  that  bismuth  repelled  a  magnetic  needle.  Here  hr 
pped.     J^  Bailliff  proved  that  antimony  did  the  same. 
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'  A  letter  addressed  to  me  liy  Professor  We'jcr  on  March  18  liin 
coDtAina  the  following  reference  to  tho  connection  hero  mentioned:  'Dio 
HoShong  einer  solrhen  CombinHlion  ist  durch  Faradny's  li^otdeckung  der 
Srchung  dcr  roliirisHtionseljene  durch  magii<iCii«'ho  Directiouskraft  zuerst, 
id  sodiinn  dnrch  die  Uebircinstimmung  deijenigen  Goschwindigkeit, 
Iche  dan  Verhiltniss  der  electro-dynamisclieTi  Eiiiheit  xtir  oloctro-»t«- 
len  Btudriiekt.  mit  der  Oetiehwindigkeit  dcs  Lichts  nngrregt  worden  ; 
uod  niir  sciieint  rou  alien  Versuchen,  \rulclio  zur  Verwirkliehung  dic«<^t- 
ifofTnung  genwieht  worden  fiind.  diiH  von  lierru  Maxwell  geniachte  aiu 
erfolgroichsteu.' 

as 


I 


I 


aOO  FRAGMENTS   OF   SCIKNCE. 

Here  lie  stopped.  Seobeck,  Becqiierel,  and  others,  also 
t  ouclied  the  discovery.  These  fragmentary  gleams  excited 
a  momentary  curiosity,  and  were  almost  forgotten,  when 
Karaday,  independently,  alig]it«d  on  the  same  facts ;  and, 
iistead  of  stopping,  made  them  the  inlets  to  a  new  and 
vast  region  of  research.  The  value  of  a  discovery  is  to  Ik 
raeaaiired  by  the  intellectual  action  it  calls  forth  ;  and  it 
was  Faraday's  good  fortune  to  strike  such  lodes  of  scien- 
tific truth  as  give  occupation  to  some  of  the  best  intellecta 
of  our  age. 

The  salient  quality  of  Faraday's  scientific   character 
reveals  itself  from  beginning  to  end  of  these  volimies :  a 
union  of  ardour  and  patience — the  one  prompting  the     | 
attack,  tlio  other  holding  him  on  to  it,  till  defeat  was  final 
or  victory  assured.     Certainty  in  one  sense  or  the  otbt-r 
was  necessary  to  his  peace  of  mind.     The  right  method 
of  investigation  is  perhaps  incommunicable ;  it  depends 
on   the   individual   rather    tlian  on   the  system,  and  thl^H 
mark  is  missed   when  Faraday's  researches  are  pointed  to^ 
as  merely  illustrative  of  the  power  of  the  inductive  philo- 
sophy.    The  brain  may  be   filled  with  that  philosophy; 
but  without  the  energy  and  insight  which  this  man  pos- 
sessed, and  wliich  with  liim  were  personal  and  distinctive,* 
we  should  never  rise  to  the  level  of  his  achievements, 
His  power   is  that  of  individual   genius,  rather  than 
philosophic  method ;  the  energy  of  a  strong  soul  exp 
ing  itself  after  its  own  fashion,  and  acknowledging 
mediator  between  it  and  Nature. 

The  second  volume  of  the  '  Life  and  Letters,'  like  tha 
first,  is  a  historic  treasurj'  as  regards  Faraday's  work  and 
character,  and  liis  scientific  and  social  relations.  1^1 
contains  letters  from  Humboldt,  Herschel,  Hachette,  De 
la  Kive,  Dumas,  Liebig,  ]\Ielloni,  Becquerel,  Oersted, 
Pliicker,  I)u  Bois  Reymond,  Lord  McllKmme,  Prim 
Louis  Napoleon,  and  many  other  distinguished  men 
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notice  with  particular  pleasure  a  letter  from  Sir  John 
ierschel,  in  reply  to  a  sealed  packet  addressed  to  him  by 
"araday,  but  which  he  had  permission  to  open  if  he 
pleased.  The  packet  referred  to  one  of  the  many  unful- 
filled hopes  which  spring  up  in  the  mind  of  fertile  investi- 
gators : — 

'  Go  on  and  prosper,  *'  from  rfrength  to  strength,"  like 
a  victor  marching  with  assured  step  to  further  conquests ; 
and  be  certain  that  no  voice  will  join  more  heartily  in  the 
peans  that  already  begin  to  rise,  and  will  speedily  swell 
into  a  shout  of  triumph,  astounding  even  to  yourself,  than 
that  of  J,  F.  W.  Herschel,' 

Faraday's  behaviour  to  Melloni  in  1R35  merits  a  word 
of  notice.  Tlie  young  man  was  a  political  exile  in  Paris. 
He  had  newly  fashioned  and  applied  the  thermo-electric 
pile,  and  had  obtained  with  it  results  of  the  greatest 
importance.  Hut  they  were  not  appreciated.  With  the 
sickness  of  disappointed  hope  Melloni  waited  for  the 
report  of  the  Commissioners,  appt)inted  by  the  Academy 
of  Sciences  to  examine  his  labours.  At  length  he  published 
his  researches  in  the  '  Annales  de  Chimie.'  They  thus 
fell  into  the  hands  of  Faraday,  who,  discerning  at  once 
their  extraordinary  merit,  obtained  for  tlieir  author  the 
Rumford  ^ledal  of  the  Koyal  Society.  A  sum  of  money 
always  accompanies  this  medal ;  and  the  pecuniary  help 
was,  at  this  time,  even  more  essential  than  the  mark  of 
honour  to  the  young  refugee.  Melloni's  gratitude  was 
boundless : — 

Et  vous,  monsieur,'  he  writes  to  Faraday, '  qui  appar- 
nez  a  une  societe  a  laquclle  je  n'avais  rien  offert,  vous 
qui  me  connaissiez  a  peine  de  nnrn ;  vous  u'avez  pas 
demande  si  j'avais  des  ennemis  faibles  ou  puissants,  ni 
calcule  quel  en  etait  le  nombre ;  mais  vous  avez  parle 
pour  I'opprime  ctranger,  pour  celui  qui  n'avait  pas  le 
moindre  droit  a  tant  de  bienveillance,  et  vos  pOTo\ft%  owV, 
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ete  accueiUi('s  favorablement  par  dcfl  cwU^gues  conBdcn- 
cieux !  Je  recontialB  bien  la  dfs  liommcB  digtlM  dn  Ittor 
noble  mission,  los  v^ritables  repr^Jsentants  de  la  ataeaet 
d'un  pays  libre  et  gdnereux.* 

Within  the  prescribed  limits  of  this  article  it  would  l« 
impossible  to  give  even  the  slendertat  simimarj  of  Ffti*- 
day's  correspondem  from  it  more  than  tin: 

merest  fragments  (  His  lett«rs,  written  to 

Lord  Melbourne  a  iC,  regarding  his  pimaioti, 

illustrate  his  uncot  lependenco.     Tbe  Prime 

Minister  had   offe  assiiredly  the  apology 

demanded  and  gi  ete.     I  think  it  cerUtO 

that,  notwithstand  ll  aocountof  this  tramaty 

tion  given  by  Dr.  motives  and  influences 

were  at  work  which  even  ^^n  _.  a  not  entirely  revealed. 
The  minister  was  bitterly  attacked,  but  he  bore  the 
censure  of  the  press  with  great  dignity.  Faraday,  while 
he  disavowed  having  either  directly  or  indirectly  furnished 
the  matter  of  those  attacks,  did  not  publicly  exonerate 
his  lordship.  The  Hon.  Caroline  Fox  had  proved  her- 
self Faraday's  ardent  friend,  and  it  was  she  who  had 
healed  the  breach  between  the  philosopher  and  the 
minister.  She  manifestly  thought  that  Faraday  ought  to 
have  come  forward  in  Lord  Melbourne's  defence,  and 
there  is  a  flavour  of  resentment  in  one  of  her  letters  to 
him  on  the  subject.  No  doubt  P'araday  had  good  grounds 
for  his  reticence,  but  tliey  are  to  mo  unknown. 

In  1841  his  health  broke  down  utterly,  and  he  went 
to  Switzerland  with  his  wife  and  brother-in-law.  His 
bodily  vigour  soon  ravived,  and  he  accomplished  feats  of 
walking  respectable  even  for  a  trained  mountaineer.  The 
published  extracts  from  his  Swiss  journal  contain  many 
beautifid  and  touching  allusions.  Amid  references  to  the 
tints  of  the  Jungfrau,  the  blue  rifts  of  the  glaciers,  and 
the  noble  Nieson  towering  over  the    Lake  of  Thun,  we 
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ime  upon  the  charming  little  scrap  which  I  have  else- 
where quoted :  '  Clout-nail  making  goes  on  here  rather 
considerably,  and  is  a  very  neat  and  pretty  operation  to 
observe.  I  love  a  smith's  shop  and  anything  relating  to 
smithery.  My  father  was  a  emith.'  Tliis  is  from  his 
journal ;  but  he  is  unconsciously  speaking  to  somebody — 

Kjrhaps  to  the  world. 
His  descriptions  of  the  Staubbach,  Giessbach,  and  of 
e  scenic  effects  of  sky  and  mountain,  are  all  fine  and 
mpathetic.  But  amid  it  all,  and  in  reference  to  it  all, 
be  tells  his  sister  that '  true  enjoyment  is  from  within,  not 
from  without.'  In  those  days  Agassiz  was  living  under  a 
slab  of  gneiss  on  the  glacier  of  the  Aar,  Faraday  met 
Forbes  at  the  Grimsel,  and  arranged  with  him  an  excur- 
sion to  the  '  Hotel  des  Neufchatelois ; '  but  indisposition 
put  the  project  out. 

From  the  Fort  of  Ham,  in  1843,  Faraday  received  a 
letter  addressed  to  him  by  Prince  Louis  Napoleon  Bona- 
parte. He  read  this  letter  to  me  many  yesirs  ago,  and 
the  desire,  shown  in  various  ways  by  the  P'rench  Emperor, 
to  turn  modem  science  to  accoimt^  has  often  reminded 
me  of  it  since.  At  the  age  of  thirty-five  the  prisoner  of 
Ham  speaks  of  '  rendering  his  captivity  less  sad  by 
studying  the  great  discoveries  '  which  science  owes  to 
P'aratlay ;  and  he  asks  a  question  which  reveals  his  cast 
of  thought  at  the  time :  '  Wliat  is  the  most  simple  com- 
bination to  give  to  a  voltaic  battery,  in  order  to  produce 
I  a  spark  capable  of  setting  fire  to  powder  trader  water  or 
under  ground  ? '  Should  the  necessity  arise,  the  French 
^Jjnperor  will  not  lack  at  the  outset  the  best  appliances  of 
^^odem  science ;  while  we,  I  fear,  shall  have  to  learn  the 
magnitude  of  the  resources  we  are  now  neglecting  amid 
the  pangs  of  actual  war.' 

'  The  '  wiencc'  Iiiis  since  been  HppliotJ,  ■with  nstonishing  effect,  by  those 
who  liad  ctudied  il  for  mora  thoroughly  than  the  Empccor  ot  ibe  ¥t«iu^VL. 
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One  turns  with  reopwecl  pleasure  to  FaradayV  letters 
to  his  wife,  published  in  the  second  volume.  Here  surely 
the  loving  essence  of  the  man  appears  more  distinctlf 
than  anywhere  else.  From  the  house  of  Dr.  Percj,  ia 
Binningham,  he  writes  thus : — 

'Here — even  here — the  moment  I  leave  the  table, I 
wish  I  were  with  """  '*'  "•"■"•  Oh,  what  happiness  is 
ours  !     My  runs  i)  i  this  way  only  sene  to 

make  me  esteem  t  g^  more.' 

And  again :  «  H^ 

'  We  have  been  tversarione  in  the  town- 

hall,  and  I  have  □  my  room  to  talk  with 

you,  as  the  plcasa  ?8t  thing  that  I  can  do. 

Nothing  rests  me  mmuuion  with  you.    I 

feel  it  even  now  a;.  :ateh  myself  saying  the 

words  aloud  us  I  write  them.' 

Take    this,    moreover,    as    indicative    of    his    love  for 
Nature : 

'After  writing,  I  walk  out  in  the  evening  hand  in 
hand  with  my  dear  wife  to  enjoy  the  sunset ;  for  to  me 
who  love  scenery,  of  all  that  I  have  seen  or  can  see,  there 
is  none  surpasses  that  of  heaven.  A  glorious  sunset 
brings  with  it  a  thousand  thoughts  that  delight  me.' 

Of  the  numberless  lights  thrown  upon  him  by  the 
'Life  and  letters,'  some  fall  upon  his  religion.  In  a 
letter  to  a  lady,  he  describes  himself  as  belonging  to '  a 
very  small  and  despised  sect  of  Christians,  known,  if 
known  at  all,  as  Saiuhmaninns,  and  our  hope  is  founded 
on  the  faith  that  is  in  Clirist.'  He  adds  :  '  I  do  not  think 
it  at  all  necessary  to  tie  the  study  of  the  natural  sciences 
and  religion  together,  and  in  my  intercourse  with  my 
fellow-creatures,  that  which  is  religious,  and  that  which 
is  philosophical,  have  ever  been  two  distinct  things.'  He 
saw  clearly  the  danger  of  quitting  his  moorings,  and  his 
science  acted  indirectly  as  the  safeguard  of  his  particular 
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faith.  For  his  investigations  so  filled  bia  mind  as  to  leave 
no  room  for  sceptical  questionings,  thus  shielding  from  the 
•Beaultsof  philosophy  the  creed  of  his  youth.  His  religion 
vms  constitutional  and  hereditary.  It  was  implied  in  the 
lies  of  his  blood  and  in  the  tremors  of  his  Vn-t^n ;  and, 
iwever  its  outward  and  visible  form  might  have  changed, 
iday  woidd  still  have  possessed  its  elemental  con- 
iiuents — awe,  reverence,  truth,  and  love. 
It  is  worth  enquiring  how  so  profoundly  religious  a 
mind,  and  so  great  a  teacher,  would  be  likely  to  regard 
our  present  discussions  on  the  subject  of  education. 
Faraday  would  be  a  '  secularist '  were  he  now  alive.  He 
had  no  sympathy  with  those  who  cont^'mn  knowledge 
unless  it  be  accompanied  by  dogma.  A  lecture  delivered 
before  the  City  Philosophical  Society  in  1818,  when  he 
was  twenty-six  years  of  age,  expresses  tlie  views  regarding 
education  which  he  entertained  to  the  end  of  his  life. 
'First,  then,' he  says, 'all  theological  considerations  are 
banished  from  the  society,  and  of  course  from  my  remarks  ; 
and  whatever  I  may  say  has  no  reference  to  a  future  state, 
or  to  the  means  which  are  to  be  adopted  in  this  world 
in  anticipation  of  it.  Nest,  I  have  no  intention  of 
substituting  anything  for  religion,  but  I  wish  to  take 
that  part  of  human  nature  which  is  independent  of  it. 
Morality,  philosophy,  commerce,  the  various  institutions 
and  habit,s  of  society,  are  independent  of  religion,  and  may 
exist  either  with  or  witlinut  it.  They  are  always  tlie 
same,  and  can  dwell  alike  in  the  breasts  of  those  who^ 
from  opinion,  are  entirely  opposed  in  the  set  of  principles 
they  include  in  the  term  religion,  or  in  those  who  have 
none. 

'  To  discriminate  more  closely,  if  possible,  I  will  ob- 
serve that  we  have  no  right  to  judge  religious  opinions  ^ 
but  the  hmnan  nature  of  this  evening  is  tliat  part  of  man 
which  we  have  a  right  to  judge.    And  I  think  it  viilV  V». 
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found,  on  examination,  that  this  humanity — as  it  roaj 
perhaps  be  called — will  accord  with  what  I  have  befor 
described  as  being  in  our  own  hands  so  improvable  an4 
perfectible.' 

Ainon^  my  old  papers  I  find  the  following  remarks  ofl 
one  of  ray  earliest  dinners  with  Faraday :  '  At  two  o'clock 
he  came  down  for  me.  He,  his  niece,  and  myself,  formed 
the  party.  "  I  never  give  dinners,"  he  said.  "  I  don'l^ 
know  how  to  give  dinners,  and  I  never  dine  out.  But 
should  not  like  my  friends  to  attribute  this  to  a  vnoug 
cause.  I  act  tlms  for  the  sake  of  securing  time  for  work, 
and  not  througli  religious  motives,  as  some  imagine." 
He  said  grace.  I  am  almost  ashamed  to  call  bis  prayer  a 
'•saying  of  grace."  In  the  language  of  Scripture,  it  miglil 
be  descriVied  as  the  petition  of  a  son,  into  whose  heart, 
(iod  bad  sent  the  Spirit  of  His  Son,  and  who  with  abso- 
lute trust  asked  a  blessing  from  bis  father.  We  dine<i  on 
roast  beef,  Yorkshire  pudding,  and  potjitoes ;  drank 
sherry,  talked  of  researdi  and  its  requirements,  and  of 
his  habit  of  keeping  himself  free  from  the  distractions  of 
society.  He  waij  bright  and  joyful — boylike,  in  facfc 
though  he  is  now  sixty-two.  His  work  excites  admiration 
but  contact  with  him  warms  and  elevates  the  hear 
Here,  surely,  is  a  strong  man.  I  love  strength  ;  but  le 
me  not  forget  the  example  of  its  union  with  modest] 
tenderness,  and  sweetness,  in  the  character  of  F'araday.' 

Faraday's  progress  in  discovery,  and  the  salient  point 
of  his  character,  are  well  brought  out  by  the  wise  choice' 
of  letters  and  extracts  published  in  these  volumes.     I  will, 
not  call  the  labours  of  the  biographer  final.     So  great 
character  will  challenge  reconstruction.     In  the  comix 
time  some  sympathetic  spirit,  with  the  requisite  strengtli 
knowledge,  and  solvent  power,  will,  I  doubt  not,  rende 
these  materials  plastic,  give  them  more  pejfect  orgas 
form,  and  send  through  them,  with  less  of  interruption 
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the  currents  of  Faraday's  life.  '  He  was  too  good  a  man,' 
writes  his  present  biographer, '  for  me  to  estimate  rightly, 
imd  too  great  a  philosopher  for  me  to  understand 
thoroughly.'  That  may  be :  but  the  reverent  a£fection  to 
which  we  owe  the  discovery,  selection,  and  arrangement 
of  the  materials  here  placed  before  us,  is  probably  a  surer 
guide  than  mere  literary  skill.  The  task  of  the  artist 
who  may  wish  in  future  times  to  reproduce  the  real 
though  unobtrusive  grandeur,  the  purity,  beauty,  and 
childlike  simplicity  of  him  whom  we  have  lost,  will  find 
tuB  chief  treasury  already  provided  for  him  by  Dr.  Bence 
Jones's  labour  of  love. 


268 


FRA0MEST8  OP  SCIKKCE. 


TUE  I 

THIRTY  years 
a  motive  poi 
steam.     In  centrf 
tempts  to  investlg 
This  is  shown  bv  iiie 
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leftism  was  looked  to  it 
it  possibly  compete  mSh 
Buch  as  Manchester,  ai- 
ds power  were  nomerotii. 
._  litenvture  of  the  time. 
Among  others  Sir.  James  Prescot  Joule,  ti  resident  of  31an- 
chester,  took  up  the  subject,  and,  in  a  series  of  papers  pub- 
lished in  Sturfreon's  '  Annals  of  Electricity'  between  1839 
and  1841,  described  various  attempts  at  the  construction 
and  perfection  of  electro-magnetic  engines.  The  spirit  in 
which  ]SIr.  Joule  pursued  these  enquiries  ia  revealed  in  the 
following  extract  :  '  I  ara  particularly  anxious,'  he  says, 
'  to  communicate  any  new  arrangement  in  order,  if  possi- 
ble, to  forestall  the  monopolising  designs  of  those  who 
seem  to  regard  this  most  interesting  subject  merely  in  the 
light  of  pecuniary  speculation.'  Ho  was  natiirally  led  to 
investigate  the  laws  of  electro-magnetic  attractions, 
and  in  1840  he  announced  tlie  important  principle  that 
the  attractive  force  exerted  by  two  electro-magnets,  or  by 
an  electro-magnet  and  a  mass  of  annealed  iron,  is  directly 
proportional  to  the  square  of  the  strength  of  the  magnet- 
ising current;  while  the  attraction  exerted  between  an 
electro-magnet  and  the  pole  of  a  permanent  steel  magnet, 
varies  simply  as  the  strength  of  the  current.  These 
investigations  were  conducted  independently  of,  though  a 
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e  subsequently  to,  the  celebrated  enquiries  of  Henry, 
obi,  and  Lenz  and  Jacobi,  on  the  same  subject. 
<)u  December  17,  1840,  Mr.  Joule  communicated  to 
Othe  Royal  Society  a  paper  on  the  production  of  heat 
Voltaic  electricity.  In  it  lie  sinnounced  tlie  law  that 
caloiitic  effect!)  of  equal  quantities  of  transmitted 
ictricity  are  pi-oportional  to  the  resistance  overcome 
the  current,  whatever  may  he  the  lengtli,  thickness, 
pe,  or  character  of  the  metal  wliicli  closes  the  cir- 
t ;  and  also  proportional  to  the  i«juare  of  the  quantity 
transmittetl  electricity.  This  is  a  law  of  primary 
iportance.  In  another  paper,  presented  to,  but  do- 
.ed  by,  tlie  Royal  Society,  he  confirined  this  law  by 
experiments,  and  materially  extended  it.  He  also 
uted  experiments  on  the  heat  cunsei[uent  on  tl>e 
e  of  Voltaic  electricity  through  electrolytes,  and 
,  in  all  cases,  that  the  heat  evolved  by  the  proper 
on  of  any  Voltaic  cm-renfc  is  proportional  to  the 
re  of  the  intensity  of  that  current,  multiplied  by  the 
resistance  to  conduction  which  it  experiences.  From 
•this  law  he  deduced  a  number  of  conclusions  of  the 
liighest  importance  to  electro-chemistry. 

It   was   dm^g   tlieso   enquiries,   which   are   marked 
throughout  by  rare  sagacity  and  originality,  that  the  great 
idea  of  esUiblishing  quantitative  relations  between  Me- 
chanical Energy  and  Heat  arose  and  assumed  definite  form 
in  his  miud.     In  1843  Mr.  Juule  read  before  the  meeting 
of  the  British  Association  at  Cork  a  paper  '(3n  the  Calorific 
Effects  of  Magneto-Electricity,  and   on   the   Mechanical 
I  Value  of  Heat.'     Even  at  the  present  day  this  memoir 
^B  tough  reading,  and  at  the  time  it  was  written  it  must 
^ave    appeared    hopelessly   entangled.      This,   I   should 
think,  was  the  reason  why  Faraday  advised  Mr.  Joule 
not  to  submit  the  paper  to  the   Koyal  Society.     But  it# 
drift  and  results  arc   summed   up   in   these  memorable 
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words  by  its  author,  written  some  time  suliseqiicntly :  '  In 
tliat  paper  it  was  demonstratod  espcrimpotaJly,  that  thi- 
mechanical  power  exert*?rl  in  tiiniiug  a  magnet ofieclric 
machine  is  converted  into  the  heat  evolved  by  the  poAsagr 
of  the  currents  of  induction  through  its  coils ;  and,  on  iht 
other  hand,  that  the  motive  power  of  the  electro-magnWit 
engine  is  obtain  efl         "  e  of  the  heat.,  due  to  tbf 

chemical  reaction  by  which  it  is  worked.' ' 

It  is  -needless  to  d  reiglit  and  importance  of 

this  statement.  , 

Considering  t  bs   incidental    to  n  fifrt 

determination,  it  Bg  that  the  '  mechanicaJ 

values  of  heat,'  d  Us  different  series  of  ei- 

periments  publish  ftried  widely  from  each 

other.  The  lowest  uii44v  —  7,  and  the  highest  1,026 
foot-pounds,  for  1°  Fahr.  of  temperatiu*e. 

One  noteworthy  result  of  his  enquiries,  which  wa* 
pointed  out  at  the  time  by  Jlr.  Joide,  bad  reference 
to  the  exceedingly  small  fraction  of  the  heat  actuallf 
converted  into  useful  effect  in  the  steam-engine.  The 
thoughts  of  the  celebrated  Julius  Robert  Mayer,  who 
was  then  engaged  in  Germany  upon  the  same  questioD, 
had  mo  veil  independently  in  the  same  groove ;  but  to  his 
labours  due  reference  will  he  made  on  a  future  occa- 
sion.* In  the  memoir  now  referred  to,  Mr.  Joule  also 
announced  that  he  had  proved  heat  to  be  evolved  during 
the  passage  of  water  through  narrow  tubes ;  and  he 
deduced  from  these  experiments  an  equivalent  of  770 
foot-pounds,  a  figure  remarkably  near  the  one  now  ac- 
cepted. A  detached  statement  regarding  the  origin  and 
convertibility  of  animal  beat  strikingly  illustrates  the 
penetration  of  Jlr.  Joule,  and  his  mastery  of  principles,  at 
the  period  now  referred  to.     A  friend  had  mentioned  to 

'  Phil.  Mug.  >foj-,  1845.  *  See  the  nest  Fragment. 
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l4lim  Halter's  bypotliesie,  that  animal  heat  might  arise 
from  the  friction  of  tlie  blood  in  the  veins  and  arteries. 
♦  It  is  imquestionahle,"  writes  Mr.  Joule,  '  tliat  heat  is 
produced  hy  such  friction  ;  luit  it  must  he  understood  that 
the  mechanical  force  expended  in  the  friction  is  a  part  of 
the  force  of  affinity  which  causes  the  venous  blood  to  unite 
ritli  oxygen,  so  that  the  whole  heat  of  the  system  must 
11  be  referred  to  the  chemical  clianges.  But  if  the 
animal  were  engaged  in  turning  a  piece  of  machinery,  or 
in  ascending  a  mountain,  I  apprehcud  that  in  proportion 
to  the  muscular  eflbrt  put  forth  for  the  purpose,  a  di mi- 
ll of  the  heat  evolved  in  the  system  by  a  given 
!iemical  action  would  be  experienced.'  The  italics  in 
_Uii8  memorable  passage,  written,  it  is  to  be  remembered, 
1843,  are  Mr.  Joule's  own. 

The  concluding  panigraph  of  this  British  Association 
iper  equally  illustrates  his  insight  and  precision,  regard- 
the  nature  of  chemical  and  latent  heat.  '  I  liad,'  he 
writes,  '  endeavoured  to  prove  that  when  two  atoms 
comltine  together,  the  heut  evolved  is  exactly  that  which 
would  have  been  evolved  by  the  electrical  current  due 
to  the  chemic<il  action  taking  place,  and  is  therefore  pro- 
portional to  the  intensity  of  the  cliemical  force  causing 
tlie  atoms  to  combine.  I  now  venture  to  state  more 
explicitly,  that  it  is  not  precisely  the  attraction  of  affinity, 
but  rather  the  mechanical  force  expended  by  the  atoms  in 
falling  towards  one  another,  whicli  determines  the  in- 
tensity of  the  current,  and,  consecpiently,  the  quantity  of 
heat  evolved;  so  that  we  have  a  simple  hypothesis  by 
wliich  we  may  explain  why  heat  is  e^•olved  so  freely  in 
the  combination  of  gases,  and  by  which  indeed  we  may 
account  "  latent  heat "  as  a  mechanical  power,  prepared 
for  action,  as  a  watch-spring  is  when  wounrl  up.  Suppose, 
for  the  sake  of  illustration,  that  8  lbs.  of  oxygen  and 
1  lb.  of  hydrogen  were  presented  to  one  anotliet  m  \\\e 
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gaseous  state,  and  then  esplodcd ;  tlie  Jii-at  tfvolvfd  wouM 
be  about  1°  Fahr.  in  60,000  lbs.  of  water,  iticIicAtii]£>'a  mo 
•chanical  force,  expendwl  in  the  combiuatiou,  (M|iial  to  a 
weight  of  about  50,000,000  lbs.  raised  to  the  height  of  one 
foot.  Now  it"  the  oxygfii  and  hydrogeu  could  be  preecntfd 
to  each  other  in  a.  liquid  wtaUj,  the  h«at  of  combination 
would  be  less  th^ —  !.-/•,„  v„_ygg  jjjg  atoms  in  com- 
bining would  fall  »c*J.'  No  wordii  of  mine 
are  needed  to  poi  manding^  gra*P  of  uxit^ 
cular  physici!,  iii  the  mtchanical  theoTY  of 
heat,  implied  by 

Perfectly  assu  jrtance  of  the  pnocipk 

which  his  ex  peril  eatablisliiog,  Sir.  jode 

did  not  rest  cont  preswitin^  such  dtscte- 

pancies  as  those  ai,.. ,  ».     He  reeoited  in  1 844 

to  entirely  new  methods,  and  made  elaborate  exijeriment^; 
on  the  thermal  changes  produced  in  air  during  its  expan- 
sion :  firstly,  imainst  a  presaiire,  and  therefore  perforraing 
work  ;  secondly,  against  no  pressure,  and  therefore  per- 
forming no  work.  He  thus  established  anew  the  relation 
Ijetween  the  heat  consumed  and  the  work  done.  From 
five  different  series  of  experiments  he  deduced  five 
•different  mechanical  etiuivaleuts  ;  the  ajifreemeut  betwera 
them  being  far  greater  than  that  atUiined  in  his  first 
experiments.  The  mean  of  them  was  802  foot-pounds. 
From  experiments  with  water  agitated  by  a  paddle-wheel, 
he  deduced,  in  1845,  an  equivalent  of  890  foot-pounds. 
In  1847  he  again  operated  upon  water  and  sperm-oil, 
agitated  them  by  a  paddle-wheel,  determined  their  eleva- 
tion of  temperature,  and  the  mechanical  power  which 
produced  it.  From  the  one  he  derived  an  equivalent  of 
781*5  foot-pounds;  from  the  other  an  equivalent  of  782*1 
foot-pounds.  The  mean  of  these  two  very  close  deter- 
minations is  781*8  foot-pounds. 

At  this  time  the  labours  of  the  previous  ten  years  had 
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made  Jlr.  Joule  completely  master  of  the  conditions  es- 
sential to  accuracy  and  success.  Bringinpf  liia  ripened 
experience  to  bear  upon  the  subject,  he  executed  in  1849 
a  series  of  40  experiments  on  the  friction  of  water,  50 
experiments  on  the  friction  of  mercury,  and  20  experi- 
ments on  the  friction  of  plates  of  cast-iron.  He  deduced 
from  these  experiments  our  present  mechanical  equivalent 
of  beat,  justly  recognised  all  over  the  world  as 'Joule's 
equivalent.' 

There  are  labours  so  great  and  so  pregnant  in  conse- 
<}uences,  that  they  are  most  highly  praised  when  they  are 
most  simply  stated.  .Such  are  the  labours  of  Mr.  Joule. 
They  constitute  the  experimental  foundation  of  a  principle 
of  incalculable  moment,  not  only  to  the  practice,  but  still 
more  to  tiie  philosophy  of  Science.  Since  tiie  days  of 
Newton,  nothing  more  important  than  the  theory,  of 
•which  ^Ir.  Joule  is  the  experimental  demonstrator,  has 
been  enunciated. 

I  have  omitted  all  reference  to  the  numerous  minor 
papers  with  which  Mr.  Joule  has  enriched  scientific  litera- 
ture. Nor  have  I  alluded  to  tlie  important  investigations 
which  he  hiis  conducted  jointly  witli  Sir  William  Thom- 
son. But  sufficient,  I  think,  has  been  here  said  to  show 
that,  in  conferring  upon  Mr.  Joule  the  highest  honour  of 
the  Koyal  Society,  the  Council  jiaid  to  genius  not  only  a 
well-won  tribute,  but  one  which  had  been  fairly  earned, 
twenty  years  previously. 


If 


'.f   rjr 

■fi   «'/'      /X  ►  .^    ft   »« 

»>//.    '/  'fV.    -  ■    -       ■•'  ti 

0»r',   »(.'(^!>>f;r*(;  it, 

|//|  >/,  ^ftiiK  i\nfArr»Tit^L     ytsif^i  ^^jHJiFw  was  ftnebj 

lUnfiii  h,  u,f  yth'i]*^  tftn-wticm  ot  "''^"«->  hiai      T  ■liiiif r 

l>M/|  n*'ti\ii'4}  ilit«  lii*«l  fi  tbe  oxidatkMi  of  tliefMdL    *0w 

(/M»(t  («fifi<  i(»1",'  Kfty*  Mftyer,  *of  the  pbjsiologictil  thwiy 

III  »'»(»((l«i»iil|(iri,  i»  (tmt.  iiri'Icrr  all  circumstance  tbe  aune 

MiMniihl  (iC  iVii'l  yl''l'l".  Iiy  it»*  perfect  combtistion,  the  same 

(i(iiiiiim(  lit   lii'iii  I  ilmifdiit  ]nw  hulds  good  even  for  vital 

|iiiii>i>i*ui>u  I  mill  Mini    liciici'  t lie  living  body,  BotwithsUnd- 

lii((i)ll  ll«i>iiltiiii(ni  ttiiil  wiiudcrs.iM  incompetent  to  generate 

\\  onl  III'  iiHlliliit{,' 

lid  lii>vi»Hil  tl>t'  |uiwt'r  of  Ki'iiwatiiig  internal  heat,  fte 

il  »nut>M('im  «Hin  hIkh  K''M'''^t''  li^ftt  outride  of  itself. 
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blacksmith,  for  example,  by  hammering  can  heat  a  nail, 
d  a  savage  by  friction  can  warm  wood  to  its  point  of 
ition.  Now,  unless  we  give  up  the  physiological  axiom 
that  the  living  body  cannot  create  heat  out  of  nothing, 
*  we  are  driven,'  says  Mayer, '  to  the  conclusion  tliat  it  is 
the  total  heat  generated  within  and  v.'ilhout  that  is  to  bo 
regarded  as  the  true  calorific  effect  of  tlie  matter  oxidised 
in  the  body.' 

From  this,  again,  he  inferred  that  the  heat  generated 
mally  must  stand  in  a  fixed  relation  to  the  work 
mded  in  its  production.  For,  supposing  tlie  organic 
cesses  to  remain  the  same ;  if  it  were  possible,  by  the 
e  alteration  of  the  apparatus,  to  generate  diflerent 
cunts  of  heat  by  tiie  same  amount  of  work,  it  would 
,ow  tliat  the  oxidation  of  the  same  amount  of  material 
would  sometimes  yield  a  less,  sometimes  a  greater, 
quantity  of  heat.  '  Hence,'  says  Mayer,  '  that  a  fixed 
relation  subsists  between  heat  and  work,  is  a  postulate  of 
the  physiological  theory  of  combustion.' 

This  is  the  simple  and  natiiral  account,  given  subse- 
quently by  Mayer  himself,  of  the  course  of  thought  started 
^Brjr  his  observation  in  Java.      But   the  conviction  once 
^■ikrmed,  that  an  unalterable  relation  subsists  between  work 
^Bnd  heat,  it  was  inevitable  that  Mayer  should  seek  to 
express  it  numerically.     It  was  also  inevitable  that  a  mind 
like  his,  having  raised  itself  to  clearness  on  this  important 
point,  shoidd  push  forward  to  consider  the  relationship  of 
natural  forces  generally.     At  the  beginning  of  1842  his 
work  had  made  considerable  progress ;  but  he  had  become 
physician  to  the  town  of  Heilbronn,  and  the  duties  of  his 
profession   limited    the    time  whicli  be  could    devote  to 
purely  scientific  enquiry.     He  thought  it  wise,  therefore, 
to  secure  himself  against  accident,  and  in  the  spring  of 
1842   wrote   to  Liebig.   asking   him   to   publish   in   his 
Annalcn'  a  brief  preliminary  notice  of  the  'W0t\5.  \]b.ett 
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accomplished.  Lietig  did  6o,  and  Dr.  Mayer's  fiist 
paper  is  contained  in  the  May  numljer  of  the  'Annaleo' 
for  1842. 

Mayor  h;id  reached  his  conclusions  by  reflecting  tm  the 
complex  processes  of  the  living  body ;  but  liie  first  step 
in  public  was  to  state  definitely  the  physical  prineiples  on 
which  his  physir* — '—^  j_j.— i.-Qug  ^^^e  to  rest.  He 
begins,  therefore,  es  of  inorganic    natme- 

He  finds  in  tJie  «  ams  of  causes  which  on; 

not  mutiiaUy  con  iiJlerest  kinds  of  matter 

and  the  diSerent  The  first  quality  of  both 

he  affirms  to  be  m  A  force  cannot  become 

nothing,  nor  can  i  jiing.     Forces   are  cau- 

vertible  but  not  (  X  the  terminology  of  his 

time,  he  then  given  _  m  to  the  ideas  of  poten- 

tial and  dynamic  energy,  illustrating  his  point  by  a  weight 
resting  upon  the  earth,  suspended  at  a  height  above  the 
earth,  and  actually  falling  to  the  earth.  He  next  fixes 
his  attention  on  cases  where  motion  is  apparently  des- 
troyed, without  producing  other  motion  ;  on  the  shock  of 
inelastic  bodies,  for  example.  Under  what  form  does  the 
vanished  motion  maintain  itself?  Experiment  alone,  says 
Mayer,  can  help  us  here.  He  warms  water  by  stirring 
it ;  he  refers  to  the  force  expended  in  overcoming  friction. 
Motion  in  both  cases  disappears;  but  heat  is  generated, 
and  the  quantity  generated  is  the  equivalent  of  the  motion 
destroyed.  'Our  locomotives,'  he  observes  with  extra- 
ordinary sagacity,  'may  be  compared  to  distilling  ap- 
paratus :  the  heat  beneath  the  boiler  passes  into  the 
motion  of  the  train,  and  is  again  deposited  as  heat  in  the 
axles  and  wheels.' 

A  numerical  solution  of  the  relation  between  heat  and 
work  was  what  Mayer  aimed  at,  and  towards  the  end  of 
his  first  paper  he  makes  the  attempt.  It  was  known  that 
a  definite  amount  of  air,  in  rising  one  degree  in  tempera* 
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I     ture,  can  take  up  two  different  amounts  of  heat.     If  it3 
^Volume  be  kept  constant,  it  takes  up  one  amount :  if  its 
^■n'essurc  be  kept  constant  it  takes  up  a.  different  amount. 
^W^ese  two  amounts  are  called  the  specific  heat  under  con- 
r   Btant  volume  and  imder  constant  pressure.  The  ratio  of  tlio 
'     first  to  the  second  is  as  I  :   1*421.     No  man,  to  my  know- 
ledge, prior  to  Dr.  Mayer,  penetrated  the  significance  of 
these  two  numbers.     He  first  saw  that  the  excess  0*421 
was   not,   as    then    universally    supposed,    heat   actually 
'     lodged  in  the  gas,  but  heat  which  had  been  actually  con- 
sumed by  the  gas  in  expanding  against  pressure.     The 
j     amoimb  of  work  here  performed  was  accurately  known, 
the  amount  of  heat  consumed  was  also  accurately  known, 
^and  from  these  data  Mayer  determinetl  the  mechanical 
^■quivalent  of  heat.     Even  in  this  first  paper  he  is  able  to 
^^direct  attention  to  the  enormous  discrepancy  between  the 
theoretic  power  of  the  fuel  consumed  in  steam-engiues,  and 
their  useful  effect. 

^  Though  this  paper  contains  but  the  germ  of  his 
rther  laboiu-s,  I  think  it  may  lie  safely  assumed  thnt,  as 
regards  the  mechanical  theory  of  heat,  this  ob8Ciu"e  Hcil- 
bronn  physician,  in  the  year  1842,  was  in  advance  of  all 
the  scientific  men  of  the  time. 

Having,  liy  the  publication  of  this  paper,  secured  him- 
self against  what  he  calls  '  Eventualitiitcn,'  he  devoted 
every  hour  of  his  spare  time  to  his  studies,  and  in  1845 
published  a  memoir  which  far  transcends  his  first  one  in 
weight  and  fulness,  and,  indeed,  marks  an  epoch  in  the 
history  of  science.  The  title  of  Mayer's  first  paper  was, 
*  Remarks  on  the  Forces  of  Inorganic  Nature.'  The  title 
of  his   second  great  essiiy  was,  '  Organic  INIotion  in  its 

E'nnection  with  Nutrition."     In  it  he  expands  and  illus- 
ites  the  physical  principles  laid  down   Iti  his  first  brief 
per.     Ho  goes   fully   througli   the   calculation  of  tlie 
mechanical  equivalent  of  lieat.      He  calcvdatea  \?[\«s  ■^t- 


i79 


ceut.  </l  th<. 

gvotsruUA  ' 

}i«at  in  Uonwr-{M'« 
wjtb  /«<icJ 

tjwj  v<jl<>cify  irith 

}^('^^rUi  of  water  17,3.56*  C.  in  tempenrtnre.  He  thea 
(M^riiiiuini  ihii  tliermal  effect  which  would  be  produced 
])y  )  Ik;  <;;irtli  itw.'lf  falling  into  the  sun-  So  that  here,  in 
iHif),  w<;  liiivc;  th<;  germ  of  that  meteoric  thetwy  <rf^  the 
yMji'tt  h<;;it  which  Mayer  developed  with  such  extiBoidiiiuj 
iiliility  thn-e  yearH  afterwards.  He  also  points  to  the 
iiIiiiokL  cxeliiHive  efficacy  of  the  sun's  heat  in  piododiig 
iiKchanical  motions  upon  the  earth,  winding  up  with  the 
piofoiinil  r<!niark,  that  the  heat  developed  by  friction  in 
the  wheels  of  our  wind  and  water  mills  comes  from  the 
Hiin  in  the  form  of  vibratoi-y  motion;  while  the  heat  pro- 
duced hy  inillH  driven  by  tidal  action  is  generated  at  the 
expenne  (if  the  earth's  axial  rotation. 

Jliiviug  thus,  with  firm  stt^p,  passed  through  the  powers 

(if  incirganic  nature,  his  next  object  is  to  bring  his  prinr 

eipIcM  (()  bear   upon   tlie   phenomena   of  vegetable   and 

iininuil  life.     Wood  and   coal   can    bum ;  whence  come 

■  heat,  and  the  work  producible  by  that  heat  ?     From 

"mmeasurablo  reservoir  of  the    sim.      Nature    has 

Bd  to  herself  the  task  of  storing  up  the  light  which 
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8  earthward  from  the  sun,  and  of  casting  into  a 
anent  form  tlie  most  fugitive  of  all  powers.     To  this 
she  has  overspread  the  earth  with  organisms  whiclj, 
while  living,  take  in  the  solar  light,  and  by  its  consump- 
(     tion  generate  forces  of  another  kind.     These  organisms 
are  plants.     The  vegetable  world,  indeed,  constitutes  the 
instrument  whereby  the  wave-motion  of  the  sun  is  changed 
Hfaito  the  rigid  form  of  chemical  tension,  aud  thus  prepared 
^'for  future  use.     With  this  prevision,  iis  shall  subsei]uently 
I     be  shown,  the  existence  of  the  human  race  itself  is  insepar- 
^hkly  connected.     It  is  to  be  obser\'ed  that  Mayers  utter- 
^BDC«s  are  far  from  being  anticipated  by  vague  statements 
^Degarding  the  '  stimulus '  of  light,  or  regarding  coal  as 
'  bottled  sunlight.'     He  first  saw  the  full  meaning  of  De 
ussiure's  observation  of  the  reducing  power  of  the  solar 
lys,   and  gave  that  observation  its  proper  place  in  the 
loctrine  of  conservation.     In  the  leaves  of  a  tree,  the 
rbon  and  oxygen  of  carbonic  acid,  and  the  hydrogen  and 
oxygen  of  water,  are  forced  asunder  at  the  expense  of  the 
sun,  and  the  amount  of  power  thus  sacrificed  is  acciu^tely 
restored  by  the  combustion  of  the  tree.     The   heat  and 
work  potential  in  our  coal  strata  are  so  much  strength 
withdrawn  from  the  sun  of  former  ages.     Mayer  lays  tlie 
axe  to  tlie  root  of  many  notions  regarding  '  vital  force ' 
which  were  prevalent  when  he  wrote.     With  the  plain 
fact  before  us  that  plants  cannot  perform  the  work  of 
reduction,  or  generate  chemical  tensions,  in  the  absence 
■of  the  solar  rays,  it  is,  he  contends,  incredible  that  these 
tensions  should  be  caused  by  the  mystic  play  of  the  vital 
force.     Such  an  hypothesis  would  cut  off  all  investigation  ; 
it  would  land  us  in  a  chaos  of  unbridled  phantasy.     '  I 
count,'  he  says, '  therefore,  upon  assent  when  I  state,  as  an 
axiomatic  truth,  that  during  vital  processes  the  conver- 
sion only,  and  never  the  a'eation  of  matter  or  force 
occurs.' 


I 
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Having  cleared  his  way  through  the  vegetable  world, 
as  he  had  previooElj  done  through  inurganio  nature, 
Mayer  passes  on  to  the  other  organic  kingdom.  Tbft 
physical  forces  collected  hy  plants  become  the  property 
of  animals.  Animals  consume  vegetables,  and  cause 
them  to  reunite  with  the  atmospheric  oxygen.  Anima) 
heat  is  thus  pro<?"'"^ '  """^  """^  only  animal  heat,  hut 
animal  motion.  istinctness  about  Mayer 

here ;  he  grasps  ]  its  details,  and  redticc* 

to  figures  the  con  icular  action,     A  bowler 

viho  imparti!  to  velocity  of  ."iO  feet,  con- 

sumes in  the    at  in   of  carbon.     A    mm 

weighing  150  lbs.  wn  body  to  a  height  af 

8  feet,  const imes  i  n  of  carbon.     In  climb- 

ing a  mountain  K  tin*  consumption  of  the 

same  man  woidd  be  2  oz.  4  drs.  50  grs.  of  carbon. 
Boussingault  had  determined  experimentally  the  addition 
to  be  made  to  the  food  of  horses  when  actively  working, 
and  Liebig  had  determined  the  addition  to  be  made  in 
the  case  of  men.  Employing  the  mechanical  equivalent 
of  heat,  which  he  had  previously  calculated,  Mayer  proves 
the  additional  food  to  be  amply  sufiScient  to  cover  the 
increased  oxidation. 

But  he  does  not  content  himself  with  showing,  in  a 
general  way,  that  the  human  body  bums  according  to 
definite  laws,  when  it  performs  mechanical  work.  He 
seeks  to  determine  the  particular  portion  of  the  body  con- 
siuned,  and  in  doing  so  executes  some  noteworthy  calcula- 
tions. The  muscles  of  a  labourer  150  lbs.  in  weight  weigh 
64  lbs. ;  when  perfectly  desiccated  they  fell  to  15  lbs. 
AVere  the  oxidation  corresponding  to  that  laboiu-er's  work 
exerted  on  the  muscles  alone,  they  would  be  utterly  con- 
sumed in  80  days.  The  heart  furnishes  a  still  more  striking 
example.  Were  the  oxidation  necessary  to  sustain  the 
heart's  action  exerted  upon  its  own  tissue,  it  would  be  utterly 


THE   COPLEY   MEDALIST   OF   1871. 


281 


^consumed  in  8  days.  And  if  we  confine  our  attention  to 
two  ventricles,  their  action  would  be  siiflBcient  to 
^Sjnsume  the  associated  muscular  tissue  in  3-^  days.  Here, 
in  his  own  words,  emphasised  in  bis  own  way,  is  Alayer's 
pregnant  conclusion  from  these  calculations :  '  The  muscle 
is  only  the  apparatus  liy  means  of  which  the  conversion  of 
the  force  is  effected  ;  but  it  is  not  the  substance  consumed 
in  the  pi'oduction  of  the  mechanical  effectJ'  He  calls  the 
blood  '  the  oil  of  the  lamp  of  life  ; '  it  is  the  slow-burning 
fluid  whose  chemical  force,  in  the  furnace  of  the  capilla- 
ries, is  ssicrificed  to  produce  animal  motion.  This  was 
Mayer's  conclusion  twenty-six  years  ago.  It  was  in 
complete  opposition  to  the  scientific  conclusions  of  his 
time ;  but  eminent  investigators  have  since  amply  veri- 
fied it. 

Thus,  in  baldest  outline,  I  have  sought  to  give  some 
notion  of  the  first  half  of  this  marvellous  essay.  The 
second  lialf  is  so  exclusively  physiological  that  I  do  not 
wish  to  meddle  with  it.  I  will  only  add  the  illustration 
employed  by  Mayer  to  explain  the  action  of  the  nerves 
upon  the  muscles.  As  an  engineer,  by  the  motion  of  his 
finger  in  opening  a  valve  or  loosing  a  detent,  can  liberate 
an  amount  of  mechanical  motion  almost  infinite  com- 
pared with  its  exciting  cause,  so  the  nerves,  acting  upon 
the  muscles,  can  unlock  an  amount  of  activity,  wholly 
out  of  proportion  to  the  work  done  by  the  nerves  them- 
selves. 

As  regards  these  questions  of  weightiest  import  to  the 
science  of  physiology,  Dr.  Mayer,  in  1845,  was  assuredly 
far  in  advance  of  ail  living  men. 

Mayer  grasped  the  mechanical  theory  of  heat  with 
commanding  power,  illustrating  it  and  applying  it  in  the 
most  diveree  domains.  He  began,  as  we  have  seen,  with 
physical  principles ;  he  determined  the  numerical  rela- 
tion between  heat  and  work ;  he  revealed  fhe  soutce  ol 


age 

tbeenezgics  of  tbe  fvgrtaAk -wocU,  lad  ■honed  Uicid^ 
tunubipof -L- h«ataf  owfrcswMkrhnl.  Be  ioiloivvd 
tfaeenergifo  «aick  vote  [wilfriil  m  fte  n^ctablei  ap  to 
their  local  vThaiwrtw  in  tlie  ■■"m1  Bat  ia  1&45  &  nc* 
tbouglit  w^i^  foteed  upon  him  fay  hu  ^-ml^-wUtirKm-  Hg 
then,  for  Hie  bjst  Tiii.  ^|||u||«iHiiii>  to  the  Mfomwtii^ 
amount  of  Leat  JKantf  vfaere  th»  inne 

has  Eufficient  du!  P"C^     ^  prvx^d,  M  1 

have  befori     -  j,t€  HH^  ^  **  body  fidliBjr 

from  an  in:.Li>re  |V^  ***  ^  sufficiakt  to 

rake  the  Umpera  t^  of  water,  equal  to  the 

Calling  body  iu  w<  f    He  also  found,  in  184^ 

that  the  gra^-itati  Ml  the  earth  and  adb  mt 

competent  to  gei  It  of  he&t  equal  to  that 

obtainable  from  tlie  cutuuusi.ivu  of  €,000  tim^  the  weight 
of  the  earth  of  solid  coaL  With  the  quickness  of  goiius 
lie  saw  that  we  had  here  a  power  sufficient  to  produce  the 
enormous  temperature  of  the  sun,  and  also  to  accoimt  for 
the  primal  molten  condition  of  our  own  planet.  Mayer 
shows  the  utter  inadequacy  of  chemical  forces,  as  we  know 
them,  to  produce  or  maintain  the  solar  temperature.  He 
shows  that  were  the  sun  a  lump  of  coal  it  would  be 
utterly  consumed  in  5,000  years.  He  shows  the  diffi- 
culties attending  the  assumption  that  the  sim  is  a  cooling 
body ;  for,  supposing  it  to  possess  even  the  high  specific 
heat  of  water,  its  temperatiure  would  fall  15,000"  in  5,000 
years.  He  finally  concludes  that  the  light  and  heat  of 
the  sun  are  maintained  by  the  constant  impact  of  meteoric 
matter.  I  never  ventured  an  opinion  as  to  the  accuracy 
of  this  theory ;  that  is  a  question  which  may  still  have  to 
be  fought  out.  But  I  refer  to  it  as  an  illustration  of  tJie 
force  of  genius,  with  which  Mayer  followed  the  mechanical 
theory  of  heat  through  all  its  applications.  Whether  the 
meteoric  theory  be  a  matter  of  fact  or  not,  with  him 
abides  the  honour  of  proving  to  demonstration  that  the 
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light  and  heat  of  suns  and  stars  nuty  be  originated  and 
maintained  by  the  collisions  of  cold  planetary  matter. 

It  is  the  man  who  with  the  scantiest  data  conld  accom- 
plish all  this  in  six  short  years,  and  in  the  hours  snatched 
from  the  duties  of  an  arduous  profession,  that  the  Eoyal 
Society,  in  1871,  crowned  with  its  highest  honour.  Dr. 
Mayer  had  never  previously  received  any  mark  of  recog- 
nition from  the  Society. 

Comparing  this'brief  history  with  that  of  the  Copley 
Medalist  of  1870,  the  differentiating  influence  of '  environ- 
ment,' on  two  minds  of  similar  natural  cast  and  endow- 
znent,  cornea  out  in  an  instructive  manner.  Withdrawn 
from  mechanical  appliances,  flayer  fell  back  upon  reflec- 
tion, selecting  with  marvellous  sngacity,  from  existing 
physical  data,  the  single  result  on  which  could  Imb  founded 
a  calculation  of  the  mechanical  equivalent  of  heat.  In 
the  midst  of  mechanical  appliances,  Joule  resorted  to  ex- 
periment, and  laid  the  broad  and  firm  foundation  which 
has  secured  for  the  mechanical  theory  the  acceptance  it 
pow  enjoys.  A  great  portion  of  Joule's  time  was  occupied 
in  acUial  manipidation ;  freed  from  this,  Mayer  had  time 
to  follow  the  theory  into  its  most  abtruse  and  impres- 
sive applications.  With  their  places  reversed,  however. 
Joule  might  have  become  Mayer,  and  Mayer  might  have 
become  Joide. 

It  does  not  lie  in  the  way  of  these  brief  articles  to 
enter  upon  the  great  developments  of  the  Dynamical 
Theory,  accomplished  since  Joide  and  Mayer  executed 
their  memorable  labours. 
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WE  have  no  r 
dog,  or  is 
interest  in  tlie  lai 
lated.  A  herd  mi 
niay  go  to  roost,  ana  tk. 
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B  that  the  sheep  or  tl» 
b  lower  animalSj  feel  sii 
liral  phenomena  are  reg^J- 
ya  thunder-storm ;  Virds 
,.u  J  to  their  stalls,  during  » 
solar  eclipse ;  but  neither  birds  nor  cattle,  as  far  a^  we 
know,  ever  think  of  enquiring  into  the  caiisea  of  thesp 
things.  It  is  otherwise  with  man.  The  presence  of 
natural  objects,  the  occurrence  of  natural  events,  the 
varied  appearances  of  the  universe  in  ■which  he  dwelk, 
penetrate  beyond  hia  organs  of  aenae,  and  appeal  to  an 
inner  power  of  which  the  senses  are  the  mere  instruments 
and  excitants.  No  fact  is  to  him  either  final  or  originaL 
He  cannot  limit  himself  to  the  contemplation  of  it  alone, 
but  endeavours  to  ascertain  its  position  in  a  series  to  which 
the  constitution  of  his  mind  assures  him  it  must  belong. 
He  regards  all  that  he  witnesses  in  the  present  as  the 
efilux  and  sequence  of  something  that  has  gone  before, 
and  as  the  source  of  a  system  of  events  which  is  to  follow. 
The  notion  of  spontaneity,  by  which  in  his  ruder  state  he 
accounted  for  natural  events,  is  abandoned  ;  the  idea  that 
nature  is  an  aggregate  of  independent  parts  also  disap- 
pears, as  the  connection  and  mutual  dependence  of  phy- 
sical powers  become  more  and  more  manifest :  until  he  is 
finally  led,  and  that  chiefly  by  the  science  of  which  I 
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liappen  this  evening  to  be  the  exponent,  to  regard  Nature 
as  an  organic  whole — as  a  body  each  of  whose  members 
sympathises  with  llie  rest,  changinfj,  it  is  true,  from  age 
to  age,  but  without  one  real  break  of  continuity,  or  a  single 
interruption  of  the  fixed  relation  of  cause  and  eflfect. 

The  system  of  things  which  we  call  Nature  is,  how- 
ever, too  vast  and  various  to  be  studied  first-hand  by  any 
single  mind.  As  knowledge  extends  there  is  always  a 
tendency  to  subdivide  the  field  of  investigation.  Its 
various  parts  aie  taken  up  by  different  individuals,  and 
thus  receive  a  greater  amount  of  attention  than  could 
possibly  be  bestowed  on  them  if  each  investigator  aimed 
at  the  mastery  of  the  whole.  East,  west,  north,  and  south, 
the  human  mind  pushes  its  conquests ;  but  the  centrifugal 
form  in  which  knowledge,  as  a  whole,  advances,  spreading 
ever  wider  on  all  sides,  is  due  in  reality  to  the  exertions 
of  individuals,  each  of  whom  directs  his  efforts,  more  or 
leas,  along  a  single  line.  Accepting,  in  many  respects, 
his  culture  from  his  fellow-men — taking  it  from  spoken 
words  and  from  written  books,  in  some  one  direction,  the 
student  of  Nature  must  actually  touch  his  work.  He  may 
otherwise  be  a  distributor  of  knowledge,  but  not  a  creator, 
and  he  fails  to  attain  that  vitality  of  thought,  and  correct>- 
aess  of  judgment,  which  direct  and  habitual  contact  with 
^■tural  truth  can  alone  impart. 

^^  One  ]ar<;e  department  of  the  system  of  Nature  which 
forms  the  chief  subject  of  my  own  studies,  and  to  which 
it  is  my  duty  to  call  your  attention  this  evening,  is  that 
of  physics,  or  natural  philosophy.  This  term  is  large 
enough  to  cover  the  study  of  Nature  generally,  but  it  is 
usually  ^estrict^^  to  a  department  which,  perhaps,  lies 
closer  to  our  perceptions  than  any  other.  It  deals  with 
tlie  phenomena  and  laws  of  light  and  heat — with  the 
phenomena  and  laws  of  magnetism  and  electricity — witli 
Uiose  of  sound — with  the  pressures  and  motions  of  Ut\u\iia 
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and  gases,  vbether  is  B  itate  of  trunwlittimi  or  of 

tion.  Tiie  seieni.'e  cf  nrnhdies  is  s  poBtUB  tt 
philosopbj,  tliougfa  at  fmaent  so  lai]ge  as  to  need  tbt  i^ 
clueive  attentiou  of  liim  «l>o  would  oaltiMlfe  h  |n>- 
found! J.  Astronomy  i*  tht  spplicsfciaii  of  plrniei  tn  tin 
motioD8  of  the  heavenly  bodies,  tlie  va*tnr«s  of  tl»  6M 
causing  it,  bower— ►  **  *—  ««~«Ud  ^  a  dt-partiDrot  ia  it* 
self.     In  chemist  »  filay  ioxportaiit  putfc 

By  heat  iitid  1igh\  )  taooixibiop^aadWtMt 

and  light  w«  dec*  UmA  i  idty  toon  aaadar 

the  locked  utomi  I    l!lu«Of^h  their  pMRT 

of  separating   ca  0  it*   oonstituentc,  tiw 

solar  besim^  build  {gt^talde  world,  and  bv  it 

the  animal  work  I  of  the  seJf-same  beOH 

causes  hydro^n  a  site  with  sudden  txfia^ 

sion,  and  to  farm  by  their  combinzttioa  a  powerful  add. 
Thus  physk-H  mid  chemiBtry  intermingle.  Physical  AgenU 
are,  howevt-r,  employed  by  the  chemist  as  a  means  to  to 
end ;  wliile  in  phyBice  proper  the  laws  and  phenomeon  of 
the  agents  thernselveB,  both  qualitative  and  quantitative, 
are  the  primary  olyecta  of  attention. 

My  (111)  y  liere  Lo-uight  is  to  spend  an  hour  in  teUing  how 

the  siibjett  of  mj^inetism  is  to  be  studied,  and  how  a  koow- 

ledgfi  of  it  in  to  bo  imparted  to  others.   When  first  inrited 

to  do  thi«,  I  heaitnted  before  accepting  the  responsibilt^* 

It  would  be  miay  to  entertain  you  with  an  account  of  what 

natural  pliihisopby  has  accomplished.     I  might  point  to 

those  Hp]ilic«ti<iiis  of  science  regarding  which  we  hear  fi» 

much  in  the  ncwspiipcrs,  and  which  we  often  find  mistaken 

for  science  itself.     1  might,  of  couj-se,  ring  changos  on  the 

stenm-engine  and  the  telegraph,  tlie  electrotype  and  the 

photograj)!),  the  medical  applications  of  physics,  and  the 

llion  other  inlets  by  which  scientific  thought  filtmsinto 

tical  life.     That  would  be  easy  compared  with  the  task 

arming  you  how  you  are  to  make  the  study  of  physics 
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e  instniment  of  your  own  culture ;  how  you  are  to  ] 
£acts  and  make  them  living  seeds  which  shall  take  root ' 
grow  in  the  mind,  and  not  lie  like  dead  lumber  in  the 
eiorehouse  of  memory.  This  is  a  task  much  heavier  than 
the  mere  cataloguing  of  scientific  achievements ;  and  it  i% 
e  whicl),  feeling  my  own  want  of  time  and  power  to 
:eoute  it  aright,  I  might  well  hesitate  to  accept. 
But  let  me  sink  eioises,  and  attack  the  work  to  the 
best  of  my  ahility.  First  and  foremost,  then,  I  would 
.advise  you  to  get  a  knowledge  of  facts  from  actual  observ- 
;oo.  Facta  looked  at  directly  are  vital ;  when  they 
into  words  half  the  sap  is  taken  out  of  them.  You 
iih,  for  example,  to  get  a  knowledge  of  magnetism ;  well, 
>vide  yourself  with  a  good  book  on  the  subject,  if  you 
,  but  do  not  be  content  with  what  the  book  tells  you ; 
not  be  satisfied  with  its  descriptive  woodcuts ;  see  the 
operation  of  the  force  yourself.  Half  of  our  book  writers 
describe  experiments  wliich  they  never  made,  and  their 
4e«criptions  often  lack  both  force  and  truth  ;  but,  no  matter 
how  clever  or  conscientious  tliey  may  be,  their  written  words 
cannot  supply  the  place  of  actual  observation.  Every  fact 
has  numerous  radiations,  which  are  sliom  off  by  the  man 
who  describes  it.  Go,  then,  to  a  philosophical  instrument 
maker,  and  give,  according  to  yoiu-  means,  for  a  straight 
bar-magnet,  say,  half-a-crown,  or,  if  yon  can  afford  it, 
five  shillings  for  a  pair  of  them  ;  or  get  a  smith  to  cut  a 
length  of  ten  inches  from  a  bar  of  steel  an  inch  wide  and 
half  an  inch  thick  ;  file  its  ends  decently,  liarden  it,  and 
get  somebody  like  myself  to  magnetise  it.  Two  bar- 
roagnets  are  better  than  one.  Proeiu'e  some  daming- 
ne>edle8  such  as  these.  Provide  yourself  also  with  a  little 
nuspun  silk,  which  will  give  you  a  suspending  fibre  void  of 
torsion ;  make  a  little  loop  of  paper,  or  of  wire,  and 
tach  your  fibre  to  it.  Do  it  neatly.  In  the  loop  place 
your  darning-needle,  and  bring  the  two  ends  ot  poVea,  *a 
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they  are  called,  of  your  mi^piet  successively  up  to  either 
end  of  the  needle.  Both  the  poles,  you  fintl,  attract  Kith 
«nds  of  the  needle.  Eeplace  the  needle  by  a  bit  of  annealed 
iron  wire;  tlie  same  effects  ensue.  Suspend  succe^siv^y 
little  rods  of  lead,  copper,  silver,  or  hrass,  of  wood,  glass, 
ivory,  or  whalebone ;  the  magnet  produces  no  sensible  effect 

upon  any  of  thea *"* ~     You  thence  infer  a  speciil 

property   in   the  Eld  iron,     Multiply  your 

experiments,  liow  lill  find  that  some  other 

substances,  beaidi  td  upon  by  your  tnaj^ct. 

A  rod  of  tlje  mi  |f  the  metal  cobalt,  frtmi 

■which  the  blue  a  inters  is  derived,  exhibiU 

powers  similar  to  Brith  the  iron  and  steel 

In  studying  t  |the  force  you  noay,  haw- 

ever,  confine  yoursi —  d  steel,  which  are  aiwsyi 

at  hand.  Hake  your  experiments  with  the  darning- 
needle  over  and  over  again ;  operat*  on  both  ends  of  the 
■needle ;  try  both  ends  nf  the  magnet.  Do  not  think  the 
-work  stupid ;  you  are  conversing  with  Nature,  and  must 
acquire  a  certain  gmee  and  mastery  over  her  langiiage; 
and  these  practice  can  alone  impart.  Let  every  move- 
ment be  made  with  care,  and  avoid  slovenliness  from  the 
outset.  In  every  one  of  your  experiments  endeavour  to 
feel  the  responsibility  ef  a  moral  agent.  Experiment,  as 
I  have  said,  is  the  language  by  which  we  address  Nature, 
and  through  which  she  sends  her  replies ;  in  the  use  of 
this  language  a  lack  of  straightforwardness  is  as  possible, 
and  as  prejudicial,  as  in  the  spoken  language  of  the  tongue. 
If  you  wish  to  become  acquainted  with  the  truth  of 
Nature,  you  must  from  the  first  resolve  to  deal  with  her 
sincerely. 

Now  remove  your  needle  from  its  loop,  and  draw  it 
from  end  to  end  along  one  of  the  ends  of  the  magnet; 
resuspend  it,  and  repeat  your  former  experiment.  Yott 
And  the  result  different.    You  now  find  that  each  ex- 
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tremity  of  tlie  magnet  attracts  one  end  of  the  needle,  and 
repels  the  other.     The  simple  attraction,  obflerved  in  the 
rst  instance,  is  now  replaced  by  a  dual  force.     Repeat 
experiment  till  you  have  thormighlj  observed  tlie  ends 
tvhich  attract  and  those  wliicli  repel  each  other. 
j  Withdraw  the  magnet  entirely  from   the   vicinity  of 

jour  needle,  and  leave  the  latter  freely  suspended  by  its 
I     fibre.     Shelter  it  as  well  as  yon  can  from  currents  of  air, 
and  if  yon  have  iron  buttons  on  your  coat,  or  a  steel  pen- 
^Iftiife  in  your  pocket,  Iteware  of  their  action.     If  you  work 
^■ft  night,  beware  of  iron  candlesticks,  or  of  brass  ones 
^^ith  iron  rods  inside.     Freed  from  such  disturbances,  the 
needle  takes  up  a  certain  determinate  position.     It  sets 
it«  length  nearly  north  and  south.     Draw  it  aside  from 
'     tills  position  and  let  it  }^o.     After  several  oscillations  it 
will  agiiin  come  to  it.     If  you  have  obtained  your  magnet 
from  a  philosophical   instrument   maker,  you  will  see  a ' 
[     mark  on  one  of  its  ends.     Supposing,  then,  that  you  drew 
your  needle  along  the  end  thus  marked,  and  that  the  eye- 
end  of  your  needle  was  the  last  to  ijuit  the  magnet,  you 
will  find  that  the  eye  turns  to  the  south,  the  point  of  the 
needle  turning  towards   the   north.     Make  sure  of  this, 
ad  do  not  take  tlie  statement  on  my  authority. 
Now  take  a  second  darning-needle  like  the  first,  and 
letise  it  in  precisely  the    same  manner :  freely  sus- 
ended  it  also  will  turn  its  point  to  the  north  and  its  eye 
j      to  the  south.     Your  next  step  is  tfi  examine  the  action  of 
the  two  needles  which  you  have   thus  magnetised  upon 
each  other. 
^^       Take  one  of  them  in  your  hand,  and  leave  the  other 
^■uspended  ;  bring  the  eye-end  of  the  former  near  the  eye- 
^€nd  of  the   latter ;  the   suspended  needle  retreats :  it  is 
Lxepelled.    Make  the  same  experiment  with  the  two  points; 
Pl^ou  obtain  the  same  result,  the  suspended  needle  is  re- 
pelled.    Now  cause  the   dissimilar   ends  to  act  on  eack 
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other — you  have  attraction — piint  attracts  eye,  and  eye 
attracts  point.  Prove  the  rcoiprocity  of  this  action  by 
remo\  iiijT  the  suspended  needle,  and  putting  the  other  in 
.  its  phiee.  You  obtain  the  same  result.  The  attroctioOt 
then,  i?  mutual,  and  the  repnlsion  is  mutual.  Yon  have 
tlius   demonstrated  in  the   eleaiiest   manner    the   finida- 

mentiil  I;iw  of  m *■ —   '^^"*^  like  poies  repel,  and  that 

unlike  jjoles  attn  You  may  say  that  this  is 

all  easily  undera  linj^  ;  but  <la  it,  and  your 

knowli  'djife  will  m  what  I  have  uttered  here. 

I  have  said  tl  your  nrngnet  has  a  inark 

upon  it ;  lay  sev  i  together,  bo   as  to  get 

sufficient  streugtl.  MH  «lk  rihhon,  and  form 

a  loop  large  enoi  iff  mafpiet.     Suspend  it: 

it  turns  its  marke^  the  north.     This  market! 

end  is  that  which  in  England  is  called  the  nortli  pole.  If 
a  common  smith  has  made  your  magnet,  it  will  he  con- 
venient to  determine  its  north  pole  yourself,  and  to  mark 
it  with  a  hie.  You  vary  your  experiments  by  causinff 
your  magnetised  darning-needle  to  attract  and  repel  your 
large  magnet ;  it  is  quite  competent  to  do  so.  In  mag- 
netising the  needle,  I  have  supposed  the  eye-end  to  he 
tlie  last  to  quit  the  marked  end  of  the  magnet ;  that  end 
of  the  needle  is  a  south  pole.  The  end  which  last  quits 
tlie  magnet  is  always  opposed  in  polarity  to  the  end  of 
the  magnet  with  which  it  has  been  in  contact.  Brought 
near  each  other  they  mutually  attract,  and  thus  demon- 
strate that  they  are  unlike  poles. 

You  may  perhaps  learn  all  this  in  a  single  hour ;  but 
spend  several  at  it,  if  necessary ;  and  remember,  under- 
standing it  is  not  sufficient :  you  must  obtain  a  manual 
aptitude  in  addressing  Nature.  If  you  speak  to  your 
fellow-man  you  are  not  entitled  to  use  jargon.  Bad 
experiments  are  jargon  addressed  to  Nature,  and  just  as 
much  to  be  deprecated.     A  manual  dexterity  in  illustrat- 
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ing  the  interaction  of  magnetic  polos  is  of  the  utmost 
imfKirtancc  at  this  stage  of  yoiir  progress ;  and  you  must 
not  neglect  attaining  this  power  over  your  iinpleuieuts. 
Me  yon  proceed,  moreover,  you  will  be   tempted  to  do 
Hub  tlian  I  can  possibly  suggest.     Tbouglits  will  occur 
HH^u  which  you  will  endeavour  to  follow  out :  questions 
will  arise  which   you  will  try  to  answer.      The   same 
■■periment   may    be   twenty   things    to   twenty   people. 
maving  witnessed  the  action  of  pole  on  pole,  through  the 
air,  you  will  perhaps   try   wliether  tlie  magnetic   power 
Hb  not  to  be  screened  off.     You  use  plates  of  glass,  wood. 
Hate,   pasteboard,   or   gutta-percha,   but    find   them   all 
Bervious   to   this   wondrous   force.      One  magnetic   pole 
Hets  upon  another  through  these  bodies  as  if  they  were 
Bot  present.     And  should  you  become  a  pat<^ntee  for  the 
B^ulaiion  of  ships'  compasses,  you  will  not  fall,  as  some 
Hrojeetors  have  done,  into  the  error  of  screening  off  the 
Kagnetism  of  the  ship  by  the  interposition  of  such  sub- 
Ban  ce3. 

y     If  you  wish  to  teacli  a  class  you  must  contrive  that  the 

effects  which  you  have   thus  far  witnessed  for  yourself 

^lall  be  witnessed  by  twenty  or  thirty  pupils.     And  hero 

^Dur  private  ingenuity  must  come  into  play.     You  will 

attach  bits  of  paper  to  your  needles,  so  as  to  render  their 

movements  visible  at  a  distance,  denoting  the  north  and 

jouth  poles  by  different  colours,  say  green  and  red.     You 

Hoay  also  improve  upon  your   darning-needle.      Take  a 

■trip  of  sheet  steel — the  rib  of  a  lady's  stays  will  answer — 

^eat   it  to  vivi<l   redness  and  plunge  it  into  cold  water. 

It  is  thereby  hardened  :  rendered,  in  fact,  almost  as  brittle 

■8  glass.     Six  inches  of  this,  magnetised  in  the  manner  of 

Hhe  darning-needle,  will  bo   better   able   to    carry  your 

||)Bper  indexes.    Having  secured  such  a  strip,  you  proceed 

thus : — 
K       Magnetise  a  small  sewing-needle  and  determivier'.  \\a 
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in  inch,  ofif  your  inagnet 
ised  darning-needle  and  suspend  it  l>y  a  fine  silk  fibre 
The  sewing-needle,  or  the  fragment  of  the  daming-needl 
is  now  to  be  used  as  a  test-needle,  to  examine  the  di 
bution  of  the  magnetism  in  your  strip  of  steel.  Hold 
the  strip  upright  in  your  left  hand,  and  cause  the 
needle  to  approach  the  lower  end  of  your  strip ;  one 
is  attracted,  the  other  is  repelled.  Kaise  your  m 
along  the  strip  ;  its  oscillations,  which  at  first  were  quid 
become  slower ;  opposite  the  middle  of  the  strip  they 
cease  entirely  ;  neither  end  of  the  needle  is  attracted ; 
above  the  middle  the  test-needle  turns  suddenly  round, 
its  other  end  Iteing  now  attracted.  Go  through  thi 
experiment  thoroughly;  you  thus  learn  that  the  ent: 
lower  half  of  the  strip  attracts  one  end  of  the  needl< 
while  the  entire  upper  half  attracts  the  opposite  em 
Supposing  tlie  north  end  of  your  little  needle  to  be  tliat 
attracted  below,  you  infer  that  the  entire  lower  half  of 
your  magnetised  strip  exhibits  south  magnetism,  while 
the  entire  upper  half  exhibits  north  magnetism.  80  far, 
then,  you  have  determined  the  distribution  of  magnetism 
in  your  strip  of  steel. 

You  look  at  this  fact,  you  think  of  it ;  in  its  suggcst- 
iveness  the  value  of  an  experiment  chiefly  consists.  The 
thought  arises :  '  What  will  occur  if  I  break  my  strip  of 
steel  across  in  the  middle  ?  Shall  I  obtain  two  magnets 
each  possessing  a  single  pole  ? '  Try  the  experiment ; 
break  your  strip  of  steel,  and  test  each  half  as  you  tested 
the  whole.  The  mere  presentation  of  its  two  ends  in 
succession  to  your  test-needle,  suffices  to  show  tliat  you 
have  not  a  magnet  with  a  single  pole — tliat  each  half 
possesses  two  poles  with  a  neutral  point  between  them. 
And  if  you  again  break  the  lialf  into  two  other  halveci 
you  will  find  that  each  quarter  of  the  original  gtrip 
exhibiio  precisely  the  same  magnetic  distribution  as  the 
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strip  itself.  You  may  continue  the  breaking  process: 
Ito  matter  how  small  your  fragment  may  be,  it  still 
'possesses  two  opposite  poles  nntl  a  neutral  [joint  l>etween 
them.  Well,  your  hand  ceases  to  break  where  breakinju^ 
becomes  a  mechanical  impossibility;  but  does  the  mind 
top  there?  No:  you  follow  the  breaking  process  in  idea 
'Vhen  you  can  no  longer  realise  it  in  fact ;  your  thoughtrt 
wander  amid  the  very  atoms  of  your  stetd,  and  you  con- 
clude that  each  atom  is  a  magnet,  and  that  the  force 
exerted  by  the  strip  of  steel  is  the  mere  summation,  or 
resultant,  of  the  forces  of  its  ultimate  particles, 
■  Here,  then,  is  an  exhibition  of  power  which  we  can 
call  forth  at  pleasure  or  cause  to  disappear,  We  mag- 
netise our  strip  of  steel  by  drawing  it  along  the  pole  of  a 
magnet ;  we  can  demagnetise  it,  or  reverse  its  magnetism, 
by  properly  drawing  it  along  the  same  pole  in  the  oppo- 
site direction.  What,  then,  iti  the  real  nature  of  this 
wondrous  change?  What  is  it  that  takes  place  among 
the  atoms  of  the  steel  when  the  substance  is  magnetised  ? 
Tlie  question  leads  us  beyond  the  region  of  sense,  and 
into  that  of  imagination.  This  faculty,  indeed,  is  the 
divining-rod  of  the  man  of  science.  Not,  howeyer,  an 
imagination  which  catches  its  creations  from  the  air,  but 
one  informed  and  inspired  by  facts ;  capable  of  seizing 
firmly  on  a  physical  image  as  a  principle,  of  discerning 
its  consequences,  and  of  devising  means  whereby  these 
forecasts  of  thought  may  be  brought  to  an  experimental 
test.  If  such  a  principle  be  adequate  to  account  for  all 
the  phenomena — if  from  an  assumed  cause  the  observed 
acts  necessarily  follow,  we  call  the  a.esumption  a  theoiy, 
and,  once  possessing  it,  we  can  not  only  revive  at  pleasure 
facts  already  known,  but  we  can  predict  others  which  we 
have  never  seen.  Thus,  then,  in  the  prosecution  of 
physical  science,  our  powers  of  observation,  memory, 
imagination,   and   inference,  are   all   drawn  upotv.    "^e 
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obeerve  facts  and  store  them  up;  imagination  brfl 
upon  these  memories,  and  by  the  aid  of  reason  tries  to 
discern  their  interdependence.  The  theoretic  principle 
flashes  or  slowly  dawns  upon  the  mind;  and  then  the 
deductive  faculty  interposes  to  carry  out  the  principle  to 
its  logical  consequences.  A  perfect  theory  gives  dominion 
over  natural  facts:  and  even  an  assumption  which  can 
only  partially  stand  the  test  of  a  comparison  with  facts, 
may  Ije  of  eminent  use  in  enabling  us  to  connect  and 
classify  groups  of  phenomena.  Tlie  theory  of  magnetic 
fluids  is  of  this  latter  character,  and  with  it  we  must  now 
-nake  ourselves  familiar. 

With  the  view  of  stamping  the  thing  more  firmly  on 
your  minds,  I  will  make  use  of  a  strong  and  vivid  image.  | 
In    optics,    red    and    green    are    called    complementary 
colours ;  their  mixtiu-e  produces  white.     Now  I  ask  you 
to  imagine  each  of  these  colours  to  possess  a  self-repulsive  ■ 
power  ;  that  red  repels  red,  and  that  green   repels  green  ; 
but  that  red  attracts  green  and  green  attracts  red,  the 
attraction  of  the  dissimilar  coloui-s  being  equal  to  the 
repulsion  of  the  similar  ones.     Imagine  the  two  colours  U 
mixetl^o  as  to  produce  white,  and  suppose  two  strips  of 
wood  painted  with  this  white  ;  what  will  be  their  action 
upon  each  other  ?      Suspend  one  of  them  freely  as  weS 
suspended  our  darning-needle,  and   bring  the  other  near 
it ;  what  will  occur  ?     The  red   component  of  the  strip 
you  hold  in  your  hand  will  repel  the  red  component  ol 
yoiur  suspended  strip;   but  then  it  will  attract  tlie  green,] 
and,  the  forces  being  cipial,  they  neutralise  ejich  other.j 
In   fact,  the  least   reflection  shows  you   that  the    stripcl 
will  be  as  indifferent  to  each  other  as  two  unmagnetis 
darning-needles  woidd  be  under  the  same  circumstances. 

Kut  suppose,  instead  of  mixing  the  colours,  we  painted 
one  half  of  each  strip  from  centre  to  end  red,  and  the 
other  half  green,  it   is  perfectly  manifest  that  the  two 
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strips  would  now  beliave  towards  each  other  exactly  as 
our  two  magnetised  darning-needles — the  red  end  would 
repel  the  red  Jind  attract  the  green,  the  green  would  repel 
the  green  and  attract  the  red;  bo  that,  assuming  two 
«olours  thus  related  to  each  other,  we  coidd  by  their 
mixture  produce  the  neutrality  of  an  immagnetised  body, 
while  by  their  separation  we  could  produce  the  duality  of 
action  of  magnetised  bodies. 

But  you  have  already  .anticipated  a  defect  in  my  con- 
ception ;   for  if  we   break  one  of  our  strips  of  wfiod  in  the 
iddle   we   have  one   half  entirely  retl,  and  the  other 
entirely  green,  and  with  these  it  would  be  impossible  to 
imitate  the  action  of  our  broken  magnet.     How,  then, 
ust  we  modify  our  conception  ?     We   must  evidently 
ch  nwl-ectile  of  tvootl  painted  green  on  one  face 
on  the  opposite  one.      The  resultant  action  of 
all   the   atoms  would  then   exactly   resemble  the  action 
a  magnet.     Here  also,  if  the  two  opposite  colours  of 
h  atom  could  be  caused  to  mix  so  as  to  produce  white, 
e  should  have,  as  before,  perfect  neutrality. 

For  these  two  self-repellent  and  mutually  attractive 

loiirs,  substitute  in  your  minds  two  invisible  self- repellent 

and  mutually  attractive  fluids,  which  in  ordinary  steel  are 

mixed  to  form  a  neutral  compoimd,  but  which  the  act  of 

^■nugnetisation  separates  from  each  other,  placing  the  op- 

^ftosite  fluids  on  the  opposite  faces  of  each  molecule.     You 

^Bave  then  a  perfectly  distinct  conception  of  the  celebrated 

^Hbeory  of  magnetic  fluids.     The  strength  of  the  magnetism 

^ftxcited  is  supposed  to  be  proportional  to  the  quantity  of 

^fksutral    fluid    decomposed.      According    to   this   theory 

nothing  is  actually  transferred  from  the  exciting  magnet 

to  the  excited  steeL     The  act  of  magnetisation  consists  in 

I      the  forcible    separation    of  two    fluids  which  existed  in 

^Hbe  steel   before  it    was    magnetised,    but    which   then 

^neutralised  each  other  by  their  coalescence.     Aud  if  y>\x 
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test  joor  magnet,  after  it  ba&  excited  a  bmidrrd  pieeM  of 
steel,  you  will  §nd  that  it  has  l«!t  aa  force — no  murr. 
indeed,  than  I  ebould  lose,  liad  mj  words  Mich  a  m^gBetir 
influence  od  your  miudB  as  to  excite  in  thctn  a  ctnog 
resolve  to  study  natural  philofopby.  I  should  rather  be 
the  gainer  by  my  own  utterunc«f  and  by  the  reaction  of 
your  strength.  ►  ia  the  gainer   by  th» 

reaction  of  the  be  fnetiaes. 

Look  now  to  ce  of  steel ;  figure  cacb 


molecule  with  it  i  spread  over  its 

site  faces.     How  f  things  be  permanent? 

The    fluids,    by  let   eoch    other ;    what, 

then,  keepB  then  do  they  not   instantly 

rush  together  aci  of  the  atom,  and  thu» 

neutralise    each   oint-T  ;  et  this  question  philb- 

sophers  have  been  obliged  to  infer  the  existence  of  a 
special  force,  which  holds  the  fluids  asunder.  They  call 
it  coercive  force  ;  and  it  is  found  that  those  kinds  of  steel 
whicli  offer  most  resistance  to  being  magnetised — which 
require  tlie  greatebt  amount  of  'coercion'  to  tear  their  fluids 
asunder — are  the  very  ones  which  offer  the  greatest  resist- 
ance to  the  reunion  of  the  fluids,  after  they  have  been 
once  separated.  Such  kinds  of  steel  are  most  suited  to 
the  formation  of  permanent  magnets.  It  is  manifest, 
indeed,  that  without  coercive  force  a  permanent  magnet 
would  not  be  at  all  possible. 

You  have  not  forgotten,  that  previous  to  magnetising 
your  darning-needle  both  its  ends  were  attracted  by  your 
magnet ;  and  that  botli  ends  of  your  bit  of  iron  wire  were 
acted  upon  in  the  same  way.  Probably  also  long  before 
this  you  will  liave  dipped  the  end  of  your  magnet  among 
iron  filings,  and  observed  how  they  cling  to  it ;  or  into  a 
nail-box,  and  found  how  it  drags  the  nails  after  it.  I  know 
very  well  that  if  you  are  not  the  slaves  of  routine,  you 
will  have  by  this  time  done  many  things  that  I  have  not 
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toldfyou  to  do,  and  thus  multiplied  your  experience 
beyond  what  I  have  indicated.  Yon  are  almost  siue  to 
have  caused  a  bit  of  iron  to  luing  from  the  end  of  your 
guet,  and  you  have  probably  succeeded  in  causing  a 
ond  piece  to  attach  itself  to  the  first,  a  third  to  the- 
second ;  until  finally  the  force  has  become  too  feeble  to 
bear  the  weight  of  more.  If  you  have  operated  witU 
nails,  you  may  have  nbs+trved  that  the  points  and  edges- 
hold  together  with  the  greatest  tenacity;  and  that  a 
bit  of  iron  clings  more  firmly  to  the  conier  of  your 
magnet  than  to  one  of  its  flat  surfaces.  In  shorty 
you  will  in  all  likelihood  have  enriched  your  expe- 
rience in  many  ways  without  any  special  direction 
from  me. 

Well,  the  magnet  attracts  the  nail,  and  that  nail  attracts 
a  second  one. ,  This  proves  that  the  nail  in  contact  with 
the  magnet  has  had  the  magnetic  quality  developcKi  in  it 
by  that  contact.  If  it  be  withdrawn  from  the  magnet  its 
power  to  attract  its  fellow  nail  ceases.  Contact,  however, 
is  not  necessary.  A  sheet  of  glass  or  paper,  or  a  space- 
of  air,  may  exist  between  the  magnet  and  the  nail;  the- 
latter  is  still  magnetised,  though  not  so  forcibly  as  when 
in  actual  contact.  The  nail  thus  presented  to  the  magnet 
is  itself  a  temporary  magnet.  That  end  which  is  turned 
towards  the  magnetic  pole  has  the  opposite  magnetism  of 
the  pole  which  excites  it ;  the  end  most  remote  from  the 
pole  has  the  same  magnetism  as  the  pole  itself,  and 
between  the  two  poles  the  nail,  like  the  magnet,  possesses 
a  magnetic  equator. 

Conversant  as  you  now  are  with  the  theory  of  magnetic 
fluids,  you  have  already,  1  doubt  not,  anticipated  me  ia 
imagining  the  exact  condition  of  iron  imder  the  influ- 
ence of  the  magnet.  You  picture  the  iron  as  possessing- 
the  neutral  fluid  in  abundance ;  you  picture  the  magnetic 
pole,  when  brought  near,  decomposing  t\\e  ftu\d*,  xe^Yi.- 
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ing  the  fluid  of  a  like  kind  with  itself,  and  iittiucling 
the  unlike  fluid ;  thus  exciting  in  the  parts  of  the  iroo 
nearest  to  itself  the  opptisite  polarity.  But  the  iron  ii 
incapable  of  bt-cominff  a  permanent  ttiagnot.  It  otJj 
shows  its  virtue  as  long  as  the  magnet  Rcta  upon  it. 
What,  then,  does  the  iron  lack  which  the  steel  poaaeages? 


It  lacks  coercive 
case  ;  but,  once  tl 
together  again,  ai 
tion  must  be;  qu 
You  must  be  able 
according  as  the 
Fixing  a  definite 
picture  the  jtrecit 
reference  to  this  pole. 


uidg  are    separate  witli 

jse  is  removed,  thej  flow 

res(ored.    YoiU'  imagioa- 

picturing  these  cbangt*. 

a  dividing  and  reuniting, 

light  near  or  withdrawn. 

imagination,  yon  must 

of  the  two  Suids  witli 

Ana  you  must  sot  only  lie  well 


drilled  in  the  use  of  this  mental  imagery  yourself^  hut 
you  must  be  alilc  to  arouse  the  same  pictures  in  tlie 
minds  of  your  pupils.  Ynu  ought  to  satisfy  yourself  that 
tliey  possess  tlie  jMjwer  of  plaL-iu^^  magnets  and  iron 
in  various  positions,  and  describing  the  exact  magnetic 
state  of  the  irou  in  cacli  particular  case.  The  mere 
facts  of  magnetism  -will  have  their  interest  immensely 
augmented  by  an  acquaintance  with  those  hidden  prin- 
<iples  whereon  the  facts  depend,  t>till,  while  you  use 
this  tlieory  of  niaguetic  (hiids,  to  tnick  out  the  pheno- 
mena and  link  them  together,  be  sure  to  tell  yoiu-  pupils 
tliat  it  is  to  be  regarded  as  a  sjTibol  merely, — a  symbol, 
jnoreover,  wliieh  is  incompetent  to  cover  all  the  &cts,' 
but  which  doe^  good  practical  service  whilst  we  are 
waiting  for  the  actual  truth. 


'  This  til  eon'  lirt'iiks  down  vrlun  BiH'lk-J  to  dia  magnetic  bodies,  »tiicS 
Are  rvpclli-d  liy  niii^iH'i^.  Liko  boft  iruD,  ?ue1]  licHlii'a  uro  throwm  ipti»  ft 
stito  (if  teiii|iorary  cxciLfiiumljin  virtue  of  wliieh  they  ari'  reptHciI ;  but  iUi,T 
nttompt  to  ii|ihiin  (iiicli  li  reindsijiv  by  the  dci'oniposition  of  a  floid  wll 
demoDslnitj  its  own  futi'.ltv. 


MAGNETISM. 


S90 


^"    This  state  of  excitement  into  which  the  annealed  iron 

j  is  thrown  by  the  influence  of  the  magnet,  is  sometimes 
called  '  magnetisation  by  influence.'  More  commonly, 
however,  the  magnetitim  is  said  to  l3e  '  induced '  in  the 
iron,  and  hence  this  mode  of  magnetising  is  called  '  mag- 
netic induction.'  Now,  there  is  nothing  theoretically 
perfect  in  Nature  :  there  is  no  iron  so  soft  as  not  to  possess 

iia  certain  amoiuit  of  coercive  force,  and  no  steel  so  hard  as 

^■t  to  be  capable-,  in  some  degree,  of  magnetic  induction. 

ITlie  quality  of  steel  is  in  some  measiu-e  possessed  by  iron, 
and  the  quality  of  iron  is  shared  in  some  degree  by  steel. 
It  is  in  virtue  of  this  latter  feet  that  the  immagnetised 

'  darning-needle  was  attracted  in  your  tirst  experiment; 
and  from  this  you  may  at  once  deduce  the  consetjuence  that, 

1  after  the  eteel  has  been  magnetised,  the  repulsive  action 
of  a  magnet  must  be  always  less  than  its  attractive  action. 
For  the  repulsion  is  opposed  by  the  inductive  action  of 
the  magnet  on  the  steel,  while  the  attraction  is  assisted 
by  the  same  inductive  action.  Make  this  clear  to  yovur 
minds,  and  verify  it  by  your  experiments.  In  some  cases 
you  can  actually  make  the  attraction  due  to  the  temporary 
magnetism  overhalanc*  the  repulsion  due  to  the  per- 
manent magnetism,  and  thus  cause  two  poles  of  the  same 
kind  apparently  to  attract  each  other.     When,  however, 

«d  hard  magnets  act  on  each  other  from  a  sufficient 
ance,  the  inductive  action  practically  vanishes,  and  the 
ulsion  of  like  poles  is  sensibly  equal  to  the  attraction 
of  mdike  rmes. 
^^  I  dwell  thus  long  on  elementary  principles,  because 
Tney  are  of  the  first  importance,  and  it  is  the  temptation 
of  this  age  of  unhealthy  cramming  to  neglect  them.  Now 
follow  me  a  little  farther.  In  examining  tlie  distribution 
of  magnetism  in  your  strip  of  steel  you  raised  the  needle 
slowly  from  lj<ittom  to  trtp,  and  found  wliat  we  called  a 
_neutral  point  at  the  ceatre.     Now  does  tbe  magne\.  tesXi'^ 


aoo 


FRAOMKJTTS    OP  SCtESCB. 


exert  no  influence  on  the  pole  preaented  to  it«  eentw? 
Let  us  see. 

Let  s  N,  fig.  7,  he  our  magnet,  and  let  n  repreamt  a 
particle  of  north  magnetism  placed  exactly  opposite  the 
middle  of  the  nrngnet.  Of  course  this  in  an  jmagiDxrr 
case,  as  you  can  never  in  reality  thus  detach  your  nortb 
magnetism  from  i  ^fV'hat  is  the  action  of  tkr 

two  poles  of  the  i  I'our  reply  will  of  coum^ 

be  that  the  pole  s  the  pole  N  repels  it.   !/•( 

the  magnitude  an  te  attraction  be  ejcpreseetl 

by  the  line  n  m,  \  pdo  and  direction  of  the 
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repulsion  by  the  line  n  o.  Now,  tlie  particle  n  hemg 
equally  distant  from  s  and  N,  the  line  ii  o,  expressing  the 
repulsion,  will  be  equal  to  m  ?i,  which  expresses  the 
attraction.  Acted  upon  by  two  such  forces,  the  particle 
n  must  evidently  move  in  the  direction  p  ii,  exactlj 
midway  between  vt  n  and  7i  o.  Hence  yon  see  that, 
although  tliere  is  no  teudfucy  of  the  'particle  n  to  move 
towards  tlie  magnetic  equator,  there  it?  a  tendency  on  its 
part  to  move  parallel  to  the  magnet.  If,  instead  of  a 
particle  of  north  magnetism,  we  placed  a  particle  of  soutli 
magnetism  opposite  to  the  magnetic  equator,  it  would 
evidently  he  urged  along  the  line  n  tj ;  and  if,  instead  of 
two  separate  particles  of  magnetism,  we  place  a  little 
magnetic  needle,  containing  both  north  and  south  mag- 
netism, opposite  the  miiguetic  equator,  its  ijouth  pol? 
being  urged  along  tt  q,  and  its  north  along  n  p,  the  little 
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needle  will  be  compelled  to  set  itself  parallel  to  the 
magnet  s  v.  Slake  the  experiment,  and  satisfy  yourselves 
that  this  is  a  tnie  deduction. 

Substitute  for  your  magnetic  needle  a  bit  of  iron  wire, 
devoid  of  permanent  magnetism,  and  it  will  set  itself  ex- 
actly as  the  needle  does.  Acted  upon  by  the  magnet,  the 
wire,  as  you  know,  becomes  a  magnt-t  and  beiiaves  as  such ; 
it  will,  of  course,  turn  its  north  pole  towards  p,  and  south 
pole  towards  7,  just  like  tlie  needle. 

But  supposing  you  sliift  the  position  of  your  particle  of 
north  magnetism,  and  bring  it  nearer  to  one  end  of  your 
magnet  than  to  the  otlier ;  the  forces  acting  on  the  particle 
are  no  longer  equal;  the  nearest  pole  of  the  magnet  will 
act  more  powerfully  on  the  particle  than  the  more  distant 
one.  Let  s  n,  fig.  8,  be  the  magnet,  and  il  the  particle 
■of  north  magnetism,  in  its  new  position.      Well,  it   is 

i)elled  by  N,  and  attracted  by  s.  Let  the  repulsiim  be 
Fm.  8. 
., presented  in  magnitude  and  direction  by  the  line  n  0, 
and  the  attraction  by  the  ahoiter  line  n  rn.  The  resultant 
of  these  two  forces  will  be  found  by  completing  the  par- 
allelogram ni  n  0  p,  and  drawing  its  diagonal  n  p.  Along 
n  p,  then,  a  particle  of  north  magnetism  would  be  urged 
by  the  simidtaneous  action  of  s  and  n.  Substituting  a 
particle  of  south  magnetism  for  ti,  the  same  reasoning 
woidd  lead  to  the  conclusion  that  the  particle  would  be 
urged  along  n  q.  If  we  place  at  u  a  short  magnetic 
neeJle,  its  north  pole  will  be  urged  along  a  p,  \ta  so\\V>i\ 
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pole  along  n  q,  the  only  position  possible  to  the  neinlK- 
thus  acted  on,  In-ing  alonp  the  line  p  (/,  whioh  is  no  1     . 
parallel   tt>  the  magnet.     Verify  this  deduction   by  .v 
experiment. 

In  this  way  we  might  go  round  the  entire  m:i 
considering  its  two  poles  as  two  centres  from  . 
force  emanates,  we  could,  in  Accordiinco  with  ordin:irY 
mechanical   principles,  assign  a  definite  direction  to  tli 
magnetic  needle  at    every  particular  place.     And  siili>ti- 
tuting,  as  before,  a  bit  of  iron   wire  for  the  rnagiicUc 
needle,  the  positions  of  both  will  be  the  same. 

Now,  I  think,  without  further  preface,  you  wi' 
to  comprehend  for  yoiu^elves,  and  explain  to  !•  i 
of  the  most   interesting  efifocta   in  the  whole  domain 
magnetism.     Iron  filing^s  you  know  are  particles  of  it 
irregidar  in  xhape,  being  longer  in  some  diri^etioag 
in    others.     For  the   present  experiment,    moreover, 
stead  of  tlie  iron  filings,  very  small  scraps  of  thin  iron 
wire  might  be  employed.     I  place  a  sheet  of  \i  ■  r 

tlie  magnet;  it  i8  all  the  better  if  the  paper  bi 
on  a  wooden  frame,  as  this  enables  tis  to  keep  it  qu 
level.  I  scatter  the  filings,  or  the  scraps  of  wire,  from  ( 
sieve  upon  the  paper,  and  tap  the  latter  gently,  si)  »»s  i 
liberate  the  particles  for  a  moment  from  its  friction. 
Tlie  magnet  acts  on  the  filings  through  (he  paper,  and: 
how  it  arranges  tliem !  They  embrace  the  magnet  in  i 
series  of  beautifid  curves,  which  are  technically  calU 
•  magnetic  cun'es,'  or  '  lines  of  magnetic  force.'  I>oe«  til 
meaning  of  these  lines  yet  flash  upon  yon  ?  Set  yo 
magnetic  needle,  or  your  suspendetl  bit  of  wire,  ait 
point  of  one  of  the  cur\'es,  and  you  will  find  the  direct  ig 
of  tlie  needle,  or  of  the  wire,  to  he  exactly  that  of  tli 
particle  of  iron,  or  of  the  magnetic  curve,  at  the  point 
Go  round  and  rotmd  the  magnet ;  the  direction  of  yofl 
needle  always  coincides  with  the  direction  of  the  ciu 
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•on  which  it  ia  placed.  Tbeae,  tbeo,  are  tlie  Iiqps  alnii{ 
which  a  parttcl«  of  Muth  magoetism.  if  tou  could  deUth 
it,  wuuld  mave  to  the  north  pate,  and  a  bit  of  nortli 
netism  to  the  soiitli  pv>lf.  Tliej  are  itie  lines  altmg  wliick 
the  decompoitition  of  the  neutral  fluid  takes  place.  In 
the  case  of  the  magaetlc  needle,  one  of  it^  poles  betng 
urged  in  one  di      "  *  '  *      tther  pole  in  the  opposite 

direction,   the  be««arily    set  itself   as  i 

tanffeiit  Vt  the  lot  H<«k  to  simpUfir  thu 

«ubjirct  further.  tbini;  obscure  or  codJumI 

or  incompleto  i  mu  ooght  now,  by  patieot 

thought,  to  he  i  f  the  obaeiiritv,  to  riMlan 

the  confusion  P>pply  what  is  needed  to 

render  the  expl  |    Do  not  <^]mt  the  subject 

until  ynu  tlioro  d  it ;  and  if  yon  are  thdi 

able  to  look  witli  your  mind'a  eye  at  the  play  of  forces 
arouiifl  a  ujaj^et,  and  see  distinctly  the  operation  of  those 
forces  in  the  production  of  the  magnetic  curves,  the  time 
which  we  have  spent  together  will  not  have  been  spent  in 
vain. 

In  this  thorough  manner  we  muBt  master  our  materials, 
reason  upon  them,  and,  by  determined  study,  attain  to 
clearness  of  conception.  Facts  thus  dealt  with  exercise 
an  expansive  force  upon  the  boundaries  of  thought ; — they 
widen  the  mind  to  generalisation.  We  soon  recognise 
u  brotherhood  between  the  larger  phenomena  of  Nature 
and  the  minute  effects  which  we  have  obeerved  in  our 
private  chambers.  Why,  we  enquire,  does  the  magnetic 
needle  set  north  and  south  ?  Evidently  it  is  compelled 
to  do  so  by  the  earth  ;  the  great  globe  which  we  inherit 
is  itself  a  magnet.  Let  us  learn  a  little  more  about 
it.  By  means  of  a  bit  of  wax,  or  otherwise,  attach  the 
middle  point  of  your  silk  fibre  to  your  magnetic  needle; 
the  needle  will  thus  be  uninterfered  with  by  the 
paper  loop,  and  will   enjoy  to  some  extent  a  power  of 
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dipping '  its  point,  or  its  eye,  below  the  horizon.     Lay 
Bkr  magnet  on  a  table,  and  hold  the   needle  over  the 
Ipiator   of   the    magnet.     The    needle    sets   horizontal. 
tiove  it  towards  the  nortli  end  of  the  magnet ;  tlie  south 
H  of  the  needle  dips,  the  dip  augmenting  as  yon  approach 
We  nortli  pole,  over  which  the  needle,  if  free  to  move, 
nil  set  itself  exactly  vertical.     Move  it  back  to  the  centre, 
Besumes  its  horizontality ;  pass  it  on  towards  the  south 
!me,  its  north  end  now  dips,  and  directly  over  the  south 
)ole  the  needle  becomes  vertical,  its  nortli  end  being  now 
aimed  downwards.     Thus  we  learn  that  on  the  one  side 
if  the  magnetic  equator  the  nortli  end  of  tlie  needle 
lips :  on  the  other  side  the  soutli  end  dips,  the  dip  vary- 
gg  from  nothing  to  90°.      If  we  go  to  the  equatorial 
^^ons  of  the  earth  with  a  suitably  suspended  needle  we 
inall  find  there  the  position  of  the  needle  horizontal.     If 
WB  sail  north  one  end  of  the  needle  dips;  if  we  sail  south 
B  opposite  end  dips ;  and  over  the  north  or  south  terres- 
trial magnetic  pole  the  needle  sets  vertical.     The  south 
nagnetic  pole  has  not  yet  been  found,  but  Sir  James  Koss 
liscovered  the  north  magnetic  pole  on  June  1,  1831.     In 
Jiie  manner  we  establish  a  complete  parallelism  between 
Ihe  action  of  the  earth  and  that  of  an  ordinary  magnet. 
H  The  terrestrial  magnetic  poles  do   not  coincide  with 
V  geographical   ones;    nor  does  the   earth's  magnetic 
•quator   quite    coincide    with   the  geographical    equator. 
Ehc  direction  of  the  magnetic  needle  in  London,  wliicli  is 
■led  the  magnetic  meridian,  encloses  an  angle  of  24° 
with   the  true  astronomical   meridian,  this  angle   being 
sailed  the  Declination  of  the  needle  for  London.     The 
north  pole  of  the  needle  now  lies   to  the  west  of  the 
true  meridian  ;  the  declination  is  westerly.     In  the  year 
I6fi0,  however,  the  declination  was  nothing,  while  before 
bbat  time  it  was  easterly.     All  this  proves  that  the  earth's 
letic  constituents  are  gradually  changing  IVieVt  ^*- 
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tribution.  This  change  is  vesy  slow ;  it  is  f flehnicaSr 
called  the  ifeculaf  change^  and  the  otecnraUon  of  it  has 
not  yet  extended  over  a  eaffieient  period  to  enable  tu  to 
guess,  even  approximately,  at  its  laws. 

Having  thus  discovered,  to  some  extent,  the  K-cret  of 
the  earth's  power,  we  can  turn  it  to  accotuit,  I  liold  in 
my  hand  a  poker  f-"-™"^  "f  nnmi  ^oR.  iron ;  il  is  new  in 
the  line  of  dip—  et,  to  the  earth's  line  of' 

magnetic  force.  Ig  :ts  a  magnet,  is  at  tlis 

moment  constra  fluids  of  the   poker  t* 

separate,  making  f  the  poker  a  north  pole, 

and  the  upper  ei  Mark  the  experiment : 

I   hold  the  knol  id  it  attracts  thi*  norti 

end  of  a   magne  now   reverse   the   [loker, 

bringing  its  knot,  tie  knob  is  now  a  north 

pole  and  attracts  the  south  end  of  a  magnetic  needle. 
Get  such  a  poker  and  carefully  repeat  this  experiment; 
siitisfy  yourselves  that  the  iluids  j-hift  their  position,  ac- 
cording to  the  manner  in  which  the  poker  is  presented  to 
the  earth.  It  has  already  been  stated  that  the  softest  iron 
possesses  a  certain  amount  of  coercive  force.  The  earth, 
at  this  moment,  finds  in  this  force  an  antagonist  whicli 
opposes  the  full  decomposition  of  the  neutral  fluid.  The 
component  fluids  may  be  Jignred  as  meeting  an  amount  of 
friction,  or  posscssinj^  an  amount  of  adhesion,  which  pre- 
vents them  from  gliding  over  the  molecules  of  the  poker. 
Can  we  assist  tlie  earth  in  this  case  ?  If  we  wish  to  re- 
move the  residue  of  a  powder  from  the  interior  surface  of 
a  glass  to  which  the  powder  clings,  we  in\'ert  the  glass, 
tap  it,  loosen  the  bold  of  the  powder,  and  thus  enable  the 
force  of  gravity  to  pull  it  down.  So  also  by  tapping  the 
end  of  the  poker  we  loosen  the  adliesion  of  the  fluids  to  the 
molecules  and  enable  the  earth  to  piJl  them  apart.  Bnt, 
what  is  the  consequence  ?  The  portion  of  fluid  which  ho 
been  thus  forcibly  dragged  over  the  molecules  refuses  to 
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return  when  the  poker  has  been  removed  from  the  line  of 
dip ;  the  iron,  as  you  see,  has  become  a  permanent  magnet. 
By  reversing  its  position  and  tapping  it  again  we  reverse 
it«  magnetism.  A  thoughtful  and  competent  teacher 
will  well  know  how  to  place  these  remarkable  facts  before 
his  pupils  in  a  manner  which  will  excite  their  interest. 
By  the  use  of  sensible  images,  more  or  less  gross,  he  will 
first  give  those  whom  he  teaches  definite  conceptions,  puri- 
ng  these  conceptions  more  and  more,  as  the  minds  of  his 
pupils  l)ecome  more  capable  of  abstraction.  He  will  cause 
Jiis  logic  to  run  like  a  line  of  light  thrnugh  these  images, 
,nd  by  thus  acting  he  will  cause  his  boys  to  naiirch  at 

is  side  with  a  profit  and  a  joy  which  the  mere  exiiibition 
if  facts  without  principles,  or  the  appeal  to  the  bodily 

mses  and  the  power  of  memory  alone,  could  never  inspire. 


i 


As  nn  expnntion  of  the  note  at  p.  359,  the  fullomog  extract  mny  find  a 
plACc  hero : — 

'  It  is  ■well  known  that  a  voltiic  current  eicrta  nn  nttmctive  force  upon 
a  second  current,  flowing  in  tlio  same  direction  ;  and  tli;it  when  the  diri'C- 
tioDS  are  opposed  to  cjich  other  tlio  force  I'icrtod  ia  a  repulsive  one.  By 
roiling  Arires  into  spirals,  Ampero  vmn  cniibU-d  to  make  them  produce  nil 
the  phenomena  of  attraction  and  repulsion  exhibited  by  magnets,  and  from 
tttis  it  was  but  a  step  to  his  celebrated  tbeopy  of  molecular  currents.  Ho 
feupposcd  Iho  molecules  i>f  ii  m.ignetie  body  to  be  surrounded  by  such  currents, 
wliicli,  however,  in  tKe  natunil  »tnto  of  the  body  mutually  neutralised  each 
other,  on  account  of  their  confuseil  cfinpinu.  TIio  act  of  mngnetisntion  he 
sapposed  to  consist  in  netting  thuic  molecular  currents  parallel  to  each  other; 
and,  stArting  from  this  principle,  lie  rvdnced  all  the  phenomena  of  magnet- J 
i»m  to  the  mutual  action  of  electric  currents. 

'  If  wo  reflect  upon  the  experiments  recorded  in  the  foregoing  pages  from 
fir!>t  to  last,  wo  can  hardly  fail  to  l>e  convinced  that  diamngnetic  bodies 
operated  on  by  magnetic  forces  possess  a  polarity  "  the  same  in  kind  as,  but 
the  rcrerse  in  direction  of,  that  acquired  by  magnetic  bodies."  But  if  this 
be  the  case,  how  are  we  to  conceive  tlie  j>hi/sical  mcclanum  of  this  polatit^-  ^ 
L  x2 
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Aorording  tn  Cnulomb'i  and  I'oiami**  ihiiiij.  tibe 

(HinxiRU  in  till!  (iKcuniponitlon  of  a  naalmt  ■•«■■( 

n  tiinKnrt,  for  rtiiii)[tli\  [lonnuaen  an  «UneCio«  fiv  Iba 

iif  Roft  iron  aubintttod  to  it*  inflaenco,  (Inw*  lb*  oiM 

vrilli  it  th«  nmti'rinl  {mrtieloi « itb Thieb thu  £m-l  m 

fur  tli«miigni'tii.'  tihcnomoDii  thut  theory  Kvomx  to  fbil 

to  it,  imtciHl,  tlio  iifl<uwit1  giliRiui,  "  n  nortii  poU  •srrtiMr  •  lank  lA  <^ 

n  nouth  pule  :i  Hiiutti  )iiil<s"  JnrolrM  n  contnulictitn.     f^  Utia  MlkM 

lie  HuppoKod  III  1x1  attrattmt  towmnlc  tin  laflwnnqg  BcMlk  rirta  it  b ibal 

toi<tip(K>i«>tK;<i  ii«  p  ^xfacB  wqiirfdbw.    Tk^Mjrf 

Anip^nt  incqiitiltvikt  {gii*<!ca^o(i;  t^Vwummt 

Itio  )«rticto8  uf  liitmt  Itciilnr  euireaik.  itw.  ioaifa 

to  ntl  that  i»  kiiiiwu  <  t^  tliax^  tMimits  ««klil  M  Ik*' 

•p|\-M  |>ivn.Ui'1  10.  an  Ml  n*.  tfaose  of  tha  nnjjir  irf 

h(>n<«nttmpti»ii,  itni)  ittlii.<rp^tilt.     The ftd. h»sii^ 

of  lliii  Uiit  Ix  iti)j  iU«  I  I  niotrcular  curreato  an  Mtdl 

ni(K-lium«m  In  uliich  I  in  vSl-ctnL     Thg 

of  tlti»,  I  tlou>  I  not.  d  M-^amptiaD  that  tke 

of  iliMmimn«l(>n>  nrr  |  ieumnt««  not  rfirtcM.  bat  ■» 

nll,r  tuxntM  in  xlw  \At..  Biaek  iii<Iuc«d  eamaU  waA 

n^^M^lin)I  to  kmnrsi  lawn,  anrt  k  uiiHnion  oppoted  to  those  of  tie  InJaciJil 

ituisni-t,  nn.i  Iwiivf  »nuM  pnWIiifc  ths  phpnomtna  of  repulsion.    ToiiirT 

mil  ilio  ,iv«Hni|>ti,>n  iwrv  nijuliv  M.  Wob*r  ia  olilijreil  to  suppose  ttut  tie 

n>oio.'Hli>»  .\f  il!iiB<.\)!iirti<'  KxUi*  om  siirn>und(!il  bj  chaiinuU,  in  -wjiifhtla 

iii.!u.\>l  m.O.iVHUr  t'Wivnt*.  oiiv^e  cicitivl,  conlinuo  to  Bow  ititliOHt  real- 

anoo'     PMlll.^M»l^'M>l^  ait^  Mognt^r^flallk  .MUm,  p.  136-7. 
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DEATH  BY  LIGHTNIXG. 

PEOPLE  in  general  imagine,  when  they  think  at  all 
about  the  matter,  that  an  impression  upon  the  nerves 
— a  blow,  for  example,  or  the  prick  of  a  pin- — is  felt  at  the 
moment  it  is  intlicted.  But  this  is  not  the  case.  The 
seat  of  sensation  is  the  brain,  and  to  it  the  intelligence  of 
any  impression  made  upon  the  nerves  has  to  be  transmitted 
before  this  impression  can  become  manifest  in  conscious- 
ness. The  transmission,  moreover,  requires  time,  and  the 
jnsequence  is,  that  a  wound  inflicted  on  a  portion  of  the 
)dy  distant  from  tlie  brain  is  more  tardily  appreciated 
Jan  one  inflicted  adjacent  to  tlie  brain.  By  an  extremely 
jenious  experimental  arrangement,  Helmholtz  has  de- 
BrmLned  the  velocity  of  this  nervous  transmission,  and 
ids  it  to  be  about  one  hundred  feet  a  second,  or  less 
lan  one-tenth  of  the  velocity  of  sound  in  air.  If,  there- 
are,  a  whale  fifty  feet  long  were  wounded  in  the  tail,  it 
krould  not  be  conscious  of  the  injury  till  half  a  second 
er  the  wound  had  been  inflicted.'  Hut  this  is  not  the 
only  ingredient  in  the  delay.  There  can  scarcely  be  a 
doubt  that  to  every  act  of  consciousness  belongs  a  deter- 
minate molecular  arrangement  of  the  brain — tliat  every 
thought  or  feeling  haa  its   physical   correlative  in   that 

'  A  moA  ndmiinblo  iecture  on  tho  vclocitj  of  nrrrnus  trnnKmiMion  lins 
en  publislipil  by  Dr.  Du  Bois  Rcyinoiid  in  tho  '  I'rocecUings  of  the  Eoyivl 
Deljtutioo '  for  I8C6,  vol.  ir.  p.  51  o. 


■ad  a  taih 
npoe  its 
to  l^  A  wlnle  fifty  feet  long. 

Xw.  h  B  quite  eaBoesrvUe  thkt  *n  injiny  might  be 
iTiQicU-4  vhkit  voold  lesder  the  nerves  unfit  to  be  the 
e/'/tidact^/ii  of  tbe  mntiaii  which  remits  in  sensadoD  ;  and 
if  such  z  tbinif  oocorrerL  do  matter  bow  severe  the  injoTF 
might  l>*?,  we  dicmld  not  tie  conscious  of  it.  Or  it  mar 
}>e,  tfjat  long  before  the  time  required  by  the  bTain  to 
complete  the  arrangenicnts  necessary  to  consciousness,  it* 
power  of  arrangement  might  be  wholly  suspended.  Id 
gucli  a  caws  also,  though  tbe  injury  might  be  of  a  nature 
to  caiiM  death,  this  would  occur  without  feeling  of  any 
kind.  Death  in  this  case  would  be  simply  the  sudden 
negation  of  life,  without  any  intervention  of  conaciousnas 
whatever. 

Donlitless  there  are  many  kinds  of  death  of  this  cha- 
ractrr.  The  passage  of  a  rausket^bullet  through  the  brtin 
is  a  caxe  in  point,  j  and  the  placid  aspect  of  a  man  thus 
killed  la  in  ■perfect  accotdsume  mth  the  conclusion  wMdi 


DEATH    BY   LIGHTXIXG. 


SU 


might  be  drawn  a  priori  from  tbe  experiments  of  Helm- 
1  holtz.  Cases  of  insensibility,  moreover,  are  not  uncommon 
I  ■which  do  not  result  in  death,  and  after  which  the  persons 
i  alfected  have  been  able  to  testify  that  no  pain  wus  felt 
^Brior  tu  the  loss  of  consciousness. 

"  The  tiine  required  for  a  rifle-bullet  to  pass  clean  through 
man's  head  may  be  roughly  estimated  at  a  thousandth 
a  second.  Here,  therefore,  we  should  have  no  room 
ttr  sensation,  and  death  woulil  be  painless.  But  there 
te  other  actions  which  far  transcend  in  rapidity  that  of 
ie  rifle-bullet.  A  flash  of  lightning  cleaves  a  cloud, 
jpearing  and  disappeariug  in  less  than  a  hundred- 
lousandtli  of  a  second,  and  the  velocity  of  electricity  is 
jch  as  would  carry  it  in  a  single  second  over  a  distance 
almost  equal  to  that  which  separates  the  earth  and  moon, 
■^t  is  well  known  that  a  luminous  impression  once  made 
^H>on  the  retina  endures  for  about  one-sixth  of  a  second, 
Hpd  that  this  is  the  reason  why  we  see  a  ribbon  of  light 
when  a  glowing  coal  is  caused  to  pass  rapidly  through  the 

fA  body  illuminated  by  au  instantaneous  flash  con- 
ues  to  be  seen  for  the  sixth  of  a  second  after  the  flash 
i  become  extinct;  and  if  the  body  thus  illuminated  be 
motion,  it  appears  at  rest  at  the  place  where  the  flash 
falls  upon  it.  The  colour-top  is  familiar  to  most  of  us. 
By  this  instrument  a  disk  witli  (Ufferently-coloured  sectors 
is  caused  to  rotate  rapidly;  the  colours  blend  together, 
and,  if  they  are  chosen  in  the  proper  proportions,  when 
the  motion  is  sufficiently  rapid  the  disk  appears  white. 
Such  a  top,  rotating  in  a  dark  room  and  illuminated  by 
an  electric  spark,  appears  motionless,  each  distinct  colour 
being  clearly  seen.  Professor  Dove  has  found  that  a  flash 
of  lightning  produces  the  same  eflFect.  During  a  thimder- 
storm  he  put  a  colour-top  in  exceedingly  rapid  motion, 
and  found  tluit  every  tlash  revealed  tbe  top  as  a  motion- 
less object  with  its  colours  distinct.     If  i Humiliated  b,qW< 


»Am*    '..^    A,    .i-r>^,  et"  *  1U*  "TM-:   of  JEi-  JuOKSdtf  IB  £  tfc 

/r^i4.//A  i/v.i,,  'S  f,^  >^.v>r  narki  of  i S^nani^  itrel*  ire 
ii'i'tHii I  II,' t'/i--^.'  ■'.'•*  :  '.'-•r  hcKJj  if  KC&sciixtef  twrzst;  slight 
■I'ltni'S'  hi'  '/•///  /  /"I  ;  whiifr,  in  fooie  in>£ai>eies,  x  red 
i<*»  «!'  //('//I"  •)('  tiiuk  '/f  tli<;  discharge  over  the  skLn. 

I  (I'll  (  '/»<l)»(i>/y ''ir';uHi*taric«5,  the  dischuve  from  a 
'iniiH  Ir'  yiliM  jiii  la  <txi(<'(lin((|y  unpleasant  to  me.  Some 
lliiti  1^11  I  liM|i|ii<Miu|  Ui  HUind  in  the  presence  of  a 
ittif(tWUII»<tMi'ltt  tii^ ,  wllli  II  Iml.tory  of  fifteen  large  Leyden 
[n\  Iiii'iIiIk  iiiK.  'riii'iiujjli  Home  awkwardness  on 
9\lt'lli«il  H  wli'o  I «m ling  from  the  battery,  and 
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t-the  discharge  went  through  my  body.  Life  was  abso- 
^■lely  blotted  out  for  a  very  sensible  inten-al,  without  a 
^^■ce  of  pain.  In  a  second  or  so  consciousness  returned  ; 
^■■aw  myself  in  the  presence  of  the  audience  and  ap- 
l^ptatus,  and,  by  the  help  of  these  external  appearances, 
immediately  concluded  that  I  had  received  the  battery 
I  discharge.  The  intellectual  consciousness  of  my  position 
t  -waa  restored  with  exceeding  rapidity,  but  not  so  the 
t  optical  consciousness.  To  prevent  the  audience  from 
I  being  alarmed,  I  observed  that  it  had  often  been  my 
y  desire  to  receive  accidentally  such  a  shock,  and  that  my 
^■eh  bad  at  length  been  fulfilled.  But,  while  making  this 
^remark,  the  appearance  which  my  body  presented  to  my- 
self was  that  of  a  number  of  separate  pieces.  The  arms^ 
example,  were  detached  from  the  tnmk,  and  seemed 
"SoBpended  in  the  air.  In  fact,  memory  and  the  power 
reasoning  appeared  to  Le  complete  long  before  the 
tic  nerve  was  restored  to  healthy  action.  But  what  I 
Bh  chiefly  to  dwell  upon  here  is,  the  absolute  painless- 
of  the  shock  ;  and  there  cannot  be  a  doubt  that,  to 
erson  struck  dead  by  lightning,  the  passage  from  life 
I  death  occurs  without  consciousness  being  in  the  least 
implicated.  It  is  an  abrupt  stoppage  of  sensation, 
I  unaccompanied  by  a  pang. 
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THEIR  refusal 
often  urgei 
propose  to  give 
'phenomena'  tl 
available  in  desiL 


Bpiritiia!  plienoni^oi'l 
>  scientific  men.    1 1 
iatt«mpt  to  applj to tla. 
Inquiry  whicb  aJB  I 
iruth. 


Some  time  ago,  when  the  spirits  were  particukilT 
active  in  tliis  country,  a  celebrated  philosopher  was  i* 
vited,  or  rather  entreated,  by  one  of  his  friends  to  meet 
and  question  them.  He  had,  however,  already  node 
their  acquaintance,  and  did  not  wish  to  renew  it.  1 M 
not  been  so  privileged,  and  he  therefore  kindly  arranged 
a  transfer  of  the  invitation  to  me.  The  spirits  themsehe* 
named  the  time  of  meeting,  and  I  was  conducted  to  the 
place  at  the  da\-  and  hour  appointed. 

Absolute  unbelief  in  the  factsi  was  by  no  means  mj 
condition  of  mind.  On  tho  coutiary,  I  thought  it  pro- 
bable that  some  physical  principle,  not  evident  to  the 
spiritualists  themselves,  might  underlie  their  manifesta- 
tions. Extraordinary  eflects  are  produced  by  the  accu- 
mulation of  small  impulses.  Galileo  set  a  heavy  pendu- 
lum in  motion  by  the  well-timed  puffs  of  his  breatfc 
EUicot  set  one  clock  going  by  the  ticks  of  another,  even 
when  the  two  clocks  were  separated  by  a  wall.  Preonn- 
ceived  notions  can,  moreover,  vitiate,  to  an  ertraordinair 

:ee,  the  testimony  of  even  veracious  persons.    Hence 
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my  desire  to  witness  those  exti-aordinaiy  phenomena,  the 
existence  of  which  seemed  placed  beyond  a  doubt  by  the 
known  veracity  of  those  who  had  witnessed  and  described 
tiem.     The  meeting  took  phice  at  a  private  residence  in 

tihe  neighbourhood  of  London.     My  host,  his  intelligent 
wife,  and  a  gentleman  who  may  be  called  X.,  were  in  the 
kiwe  when  I  arrived.     I  was  informed  that  the  '  medium ' 
had  not  yet  made  her  appearance  ;  that  she  was  sensitive, 
and  might  resent  suspicion.     It  was  therefore  re<iuested 
that  the  tables  and  chairs  should  be  examined   before  her 
arrival,  in  order  to  be  assured  that  there  was  no  trickery 
in  the  furniture.     This  was  done ;  and  I  then  first  learned 
that  my  hospitable  host  had  arranged  that  the  seance 
^■ould  be  a  dinner-party.     This  was  to  me  an  imusual 
form  of  investigation ;  but  I  accepted  it,  as  one  of  the 
accidents  of  the  occasion. 

The  '  medium '  arrived — a  delicate- looking  young 
lady,  who  appeared  to  have  suffered  much  from  ill-health, 
I  took  her  to  dinner  and  sat  close  beside  her.  Facts  were 
absent  for  a  considerable  time,  a  series  of  very  wonderful 
narrativea  supplying  their  place.     The  duty  of  belief  on 

trtimony  was  fre(piently  insisted  on.  X.  appeared  to  be 
chosen  spiritual  agent,  and  told  us  many  suj-prising 
things.  He  affirmed  that,  when  he  took  a  pen  in  his 
hand,  an  influence  ran  from  his  shoidder  downwards,  and 
impelled  him  to  write  oracular  sentences.  I  listened  for 
a  time,  offering  no  observation.  '  And  now,'  continued 
X.,  *  this  power  has  so  risen  as  to  reveal  to  me  the  thoughts 
of  others.  Only  this  morning  I  told  a  friend  what  he  was 
thinking  of,  and  what  he  intended  to  do  during  the  day.' 
I  thought,  is  something  that  can  be  at  once  tested, 
said  immediately  to  X. :  'If  you  wisli  to  win  to  your 
an  apostle,  who  will  proclaim  your  principles  to  the 
Id  without  fear,  tell  me  what  I  am  now  tliinking  of.' 
reddened,  and  did  not  tell  me  my  thought. .  • 
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Some  time  previously  I  had  %Tsited  Baron  Reicben- 
r  bach,  in  Vienna,  and  I  now  asked  the  young  lady  wb 
it  beside  me,  wliether  she  could  see  any  of  the  curioa 
things  wbicli  he  describes — the  light  emitted  by  crysta 
for  example?     Here  is  the  conversation  which  foUowe 
■8  extracted  from  my  notes,  written  on  the  day  followi 
the  aiance. 

Medium. — '  Oh,   yes ;   but   I  see   light  around 
bodies.* 

/. — '  Even  in  perfect  darkness  ? ' 

Medium. — 'Yes;  I  see  luminous  atmospheres  roimd 
all  people.     The  atmosphere  which  surrounds  Mr.  R. 
would  till  tliis  room  with  liglit.' 

/. — '  You  are  aware  of  the  effects  ascribed  by  Bar 
Reichenbach  to  magnets?' 

Medium. — '  Yes ;  but  a  magnet  makes  me  terril 
ill.' 

/. — 'Am  I  to  tmderstand  that,  if  this  room  were 
perfectly  dark,  you  could  tell  whether  it  containetl  a 
magnet,  without  being  informed  of  the  fact  ?  * 

Medium.— ^  I  should  know  of  its  presence  on  entering 
the  room.' 

/.—'How?' 

Medium. — '  I  should  be  rendered  instantly  ill.' 

/. — '  How  do  yoii  feel  to-day  ?  ' 

Medium. — '  Particularly  well ;  I  have  not  been  so 
well  for  months.' 

/. — '  llien,  may  I  ask  you  whether  there  is,  at 
present  moment,  a  magnet  in  my  possession  ?' 

The  young   lady  looked  at  me,   blushed,  and  st 
mered, 

'  No  ;  I  am  not  en  rappoH  with  you.' 

/  8at  at  her  rigid  hand,  and  a  left-hand  pocket,  ivH 
in  «ia;  inches  of  her  person,  contained  a  magnet. 

Our  host  here  deprecated  discussion,  as  it '  cxhauste 
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tbe  medium.'    The  wonderful  narratives  were  i"esumed ; 
LdMt    I   had   narratives   of  my   own  quite   as  wonderful. 
^Bese  spirits,  indeed,  seemed  clumsy  creations,  compared 
with  those  with  which  my  own  researches  had  made  me 
k^Boiliar.     I  therefore  befjan  to    match  tlie  wonders  re- 
^Hbed  to  me  by  other  wonders.     A  lady  present  discoursed 
on  spiritual  atmospheres,  which  she  coidd  see  aa  beautiful 
colours   when   she  closed  her  eyes.     I  professed  myself 
able  to  see  similar  colours,  and,  more  than  that,  to  be 
able  to  see  the  interior  of  my  own  eyes.     Tlie  medium 
affirmed  that  she  coidd  see  actual  waves  of  light  comin|if 
'  from  the  sun.     I  retorted  tlmt  men  of  science  could  tell 
j   the  exact  number  of  waves  emitted  in  a  second,  and  also 
their    exact    length.     Tlie  medium    spoke    of   tlio   per- 
formances of  the  spirits  on  musical  instruments.     I  said 
^^ut  such  performance  was  gross,  in  comparison  with  a 
^Bid  of  music  which  had  been  discovered  some  time  pre- 
^■Dusly  by  a  scientific  man.     Standing  at  a  distance  of 
^Rrenty  feet  from  a  jet  of  gas,  he  could  command  the 
flame  to  emit  a  melodious  note  ;  it  would  obey,  and  con- 
tinue its  song  for  hours.     So  loud  was  the  music  emitted 
by  the  gaa-flame,  that  it  might  l)e  heard  by  an  assembly 
of  a  thousand  people.     These  were  acknowledged  to  be 
as  great  marvels  as  any  of  those  of  spiritdom.     The  spirits 
^lere  then  consulted,  and  I  was  pronounced  to  be  a  first- 
elaas  medium. 

During  tliis  conversation  a  low  knocking  was  hefird 
from  time  to  time  under  the  t;ible.  These  were  the 
spirits'  knocks.  I  was  informed  that  one  knock,  in 
answer  to  a  question,  meant '  No ; '  that  two  knocks  meant 
'  Not  yet ; '  and  that  three  knocks  meant '  Yes,'  In  answer 
to  the  question  whether  I  was  a  medium,  the  response  was 
three  brisk  and  vigorous  knocks.  I  noticed  that  the 
ocks  issued  from  a  particular  locality,  and  therefore 
requested  the  spirits  to  be  good  enough  to  anavjet  <to\n. 


318  FRAGMK-Vrs  OF  SCTE5CB. 

another  comer  nf  the  table.  The?  did  not  cotnpiT ;  but 
I  was  assun-il  tliat  they  would  do  it,  and  much  more,  by* 
and-by.  The  knocks  continuing,  I  turned  a  wiofr'giM 
upside  down,  .ind  placwl  my  ear  upon  it,  as  upoo  a  i^ttit^ 
scope.  The  (Spirits  seemed  di»conc<?rt«i  by  the  act :  tlij 
lost  their  playfiilnees,  aQd  did  not  tiuite  rocover  it  for  i 
considerable  time. 

Somewhat  w  oceedings,  I  nnce  tliiv* 

myself  back  agai  Id  gazed  tistleesly  OHt  of 

the  window.     \^  ed,  the  table  wa*  raiWr 

pushed.     Attent  W  the  wine,  still  osciW" 

ing  in  the  glasses  eil  whether  that  was  iwt 

convincing.     I  i  the  fact  of  m«)ti<^D,  asd 

began  to  feel  tbi  y  position.     There  were 

several  pairs  of  i  able,  and  several  pain  of 

legs  under  it ;  but  bow  was  1,  without  offence,  to  exprt*i 
the  conviction  which  I  really  entertained  ?  To  ward  off 
the  difficulty,  I  again  turned  a  wine-glass  upside  down 
and  rested  mv  ear  upon  it.  The  rim  of  the  glass  ira» 
not  level,  and  the  hair,  on  touching  it,  caused  it  to 
vibrate,  and  produce  a  peculiar  buzzing  sound.  A  per- 
fectly candid  and  w.arm-hearteil  old  gentleman  at  the 
opposite  side  of  the  table,  whom  I  may  call  A.,  drew 
attention  to  the  sound,  and  expressed  his  entire  belief 
that  it  was  spiritual.  I,  however,  informed  him  that  it 
was  the  moving  hair  acting  on  the  glass.  The  explaii»- 
tion  was  not  well  received ;  and  X.,  in  a  tone  of  severe 
pleasantry,  demanded  whether  it  was  the  hair  that  had 
moved  the  table.  The  promptness  of  my  negative  pro- 
bably satisfied  him  that  my  notion  wib  a  very  diffen?Dt 
one. 

The  superhuman  power  of  the  spirits  was  next  dwelt 
upon.  The  strength  of  man,  it  was  stated,  was  unavail- 
ing in  opposition  to  theirs.  Xo  human  power  could  pre- 
vent the  table  from  moving  when  they  pulled  It.     During 
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the  evening  this  pulling  of  the  table  occurred,  or  rather 
was  attempted,  three  times.  Twice  tlie  table  moved 
when  my  attention  was  withdrawn  from  it ;  on  a  third 
occasion,  I  tried  whether  the  act  could  be  provoked  by  an 
assumed  air  of  inattention.  Grasping  the  table  firmly 
between  my  knees,  I  threw  myself  back  in  tlie  cliair,  and 
waited,  with  eyes  fixed  on  vacancy,  for  the  pull.  It  came. 
For  some  seconds  it  wiis  pull  spirit,  hold  muscle ;  the 
muscle,  however,  prevailed,  and  the  table  remained  at 
rest.  Up  to  the  present  moment,  this  interesting  fact 
is  known  only  to  the  particular  spirit  in  question  and 
myself. 

A  species  of  mental  scene-painting,  with  which  my 
own  piu-suits  had  long  rendered  me  familiar,  was  employed 
to  figure  the  changes  and  distribution  of  spiritual  power. 
The  spiiits  were  provided  with  atmosplieres,  which  com- 
bined with  and  interpenetrated  each  other,  considerable 
ingemuty  being  shown  in  demonsti-ating  the  necessity  of 
tlnie  in  efiiecting  the  adjustment  of  the  atmospheres.  In 
&ct,  just  £is  in  science,  the  senses,  time,  and  space  consti- 
tuted the  couditions  of  the  phenomena.  A  rean'angement 
of  our  positions  was  proposed  and  can-ied  out ;  aud  soon 
afterwards  my  attention  was  drawn  to  a  scarcely  sensible 
vibration  on  the  part  of  the  table.  Several  persons  were 
leaning  on  the  table  at  the  time,  and  I  asked  permission 
to  touch  the  medium's  liand.  '  Oh !  I  know  I  tremble,' 
was  her  reply.  Throwing  one  leg  across  the  other,  I 
accidentally  nipped  a  muscle,  and  produced  thereby  an 
involuntary  vibration  of  the  free  leg.  This  vibration,  I 
knew,  must  be  conununicated  to  the  floor,  and  thence  to 
the  chairs  of  all  present.  I  therefore  intentionally  pro- 
moted it.  5Iy  attention  was  promptly  drawn  to  the  mo- 
tion ;  and  a  gentleman  beside  me,  whose  value  as  a  witness 
I  was  particularly  desirous  to  test,  expressed  his  belief 
that  it  was  out  of  the  compass  of  human  power  to  produce 


« 


320  FEAGMENTS  OP  SCIEXCE. 


80  strange  u  tremor.      •!  believe,*  be  added, 

that  it  is  liitiielytho  spirits' work.'  *  So  do  I,' 
with  heat,  tho  candid  and  w^&nnbeart4'd  old  geflUemaB  L 
'  Why,  sir,'  he  contioued,  *  I  feel  them  at  this  momot 
shaking  my  chiur.'  I  stopped  the  motion  of  tbe  ]t^ 
'Now,  sir,'  A.  exclaimed, '  they  are  gone.'  I  began a(piii 
and  A.  once  more  eiaculated.  I  could,  bowerer,  ii.>tice 
that  there  were  ,  who  did  not  quite  knut 

what  to  think  ktioDs.     I  saw  their  p«« 

plexity ;  and,  as  ient  reason  to  believe  lilt 

the  disclosure  o-  dd  simply  provoke  tnga, 

I  kept  it  to  mys  i 

Again  a  pei  paon   intervened,  duno; 

■which  the  spiri  Bated.     The  evening  «• 

confessedly  a  dul  ters  appeared  to  briglitai 

towards  its  dose.  The  spirits  were  requested  to  spell  the 
name  by  which  I  am  known  in  the  lieavenly  world.  Our 
best  commeticed  repeating  the  alphabet,  and  when  he 
reached  the  letter  'P'  a  knock  was  heard.  He  begaa 
again,  and  tlie  spirits  knocked  at  the  letter  *  O.*  I  wu 
puzzled,  but  waited  for  the  end.  The  next  letter  knocked 
down  was  '  E.'  1  laughed,  and  remarked  that  the  spirits 
Avero  going  to  make  a  poet  of  me.  Admonisbed  for  my 
levity,  I  was  informed  that  the  frame  of  mind  proper  for 
the  occasion  ought  to  have  been  superinduced  by  a  penisd 
of  the  Bible  immediately  before  the  seance.  The  spelling, 
however,  went  on,  and  sure  enough  I  came  out  s  poet 
liut  matters  did  not  end  here,  Our  host  continued  hii 
repetition  of  the  alphabet,  and  the  next  letter  of  the  nan» 
proved  to  be  '  0.'  Here  was  manifestly  an  imfijualied 
Avord ;  and  the  spirits?  were  apparently  in  tbeir  most  comr 
mimicative  mood.  The  knocks  came  from  under  lie 
*able,  but  no  person  present  evinced  the  slightest  deaie 
look  imder  it.  1  asked  whether  I  might  go  tmder- 
th ;  the  pormissioQ  was  granted ;  so  I  crept  under  the 
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^^>le.     Some  tittered  ;  but  the  candid  old  A.  exclaimed, 
'   *He  has  a  right  to  look  into  the  very  dregs  of  it,  to  con- 
\'ince  himself."     Having  pretty  well  assured  myself  that 
DO  sound  could  be  produced  under   the  taVtle  without  its 
gin  being  revealed,  I  requested  our  host  to  continue  his 
stions.     He  did  so,  but  in  vain.     He  adopted  a  tone 
tender  entreaty;  but  the  'dear  spirits'  hud  become 
damb  dogs,  and  refused  to  be  entreated.     I  continued 
under  that  table  for  at  least  a  quarter  of  an  hour,  after 
which,  with  a  feeling  of  despair  as  regards  the  prospects 
of  humanity  never  before  experienced,  I  regained  my  chair. 
Once    there,    the   spirits   resumed   their   loquacity,  and 
dubbed  me  '  Poet  of  Science.' 

This,  then,  is  the  result  of  an  attempt  made  by    a 

entific  man  to  look  into  these  spiritual  phenomena.     It 

IS    not  encoiwaging ;  and    for  this  reason :    The   present 

roraoters  of  spiritual  phenomena  divide  themselves  into 

o  classes,  one  of  which  needs  no  demonstration,  while 

e  other  is  beyond  the  reach  of  proof.     The  victims  like 

believe,  and  they  do  not  like  to  be  undeceived.    Science 

perfectly  powerless  in   the  presence  of  this  frame  of 

mind.     It  is,  moreover,  a  state  perfectly  compatible  with 

reme  intellectual  subtlety  and  a  capacity  for  devising 

otheses  which  only  require  the  hardihood  engendered 

strong  conviction,  or  by  callous  mendacitj',  to  render 

em   impregnable.     The  logical  feebleness  of  science  is 

t  sufficiently  borne  in  mind.     It  keeps  down  the  weed 

superstition,  not  by  logic  but  by  slowly  rendering  the 

mental  soil  unfit  for  its  cultivation.    When  science  appeals 

uniform  experience,  the  spiritualist  will  retort,  '  How 

you  know  that  a  imiform  experience   will   continue 

iform  ?     You  tell  me  that  the  sun  has  risen  for  six 

oiisand  years  :  that  is  no  proof  that  it  will  rise  to-mor- 

iw  ;  within  the  next  twelve  hours  it  may  be  puSed  out  by 

e  Almighty.'    Taking  this  ground,  a  man  may  maiutvsi'ft 
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the  Btory  of  '  Jack  and  tlio  Beanstalk '  in  the  fa«  of  i 
the  Bcience  in  the  world.  You  iirge,  in  vain,  thatstii 
has  given  us  all  the  knowledge  of  the  universe  which 
now  possess,  while  spiritualism  has  added  nothing  tal 
knowledge.  The  drugged  soul  is  heynnd  the  rtaeii 
reason.  It  is  in  vain  that  impostotH  are  exposed,  and 
special  demon  cast  out.  He  has  but  slightly  to  cha 
his  shape,  return  to  hiu  bouBe,  and  find  it  *  empty,  ii 
and  gnrnished,' 

DecrmbtT  10,  18fii, 
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IN  consequence  of  their  special  character,  the  Fragments 
of  Part  II.  have  been  separated  from  the  more  purely 
scientific  ones  of  Part  I.,  and  placed  together  in  the  order 
of  their  pnlilicatiou.     Thus  prweuted,  tliey  will,  I  think, 
make  it  plain  that,  within  the  last  two  years,  I  have  added 
no  material  iniquity  to  the  list  previously  recorded  against 
He.    I  have  gone  carefully  over  them  all  this  year  in  Swit- 
Berland,  bestowing  special  attention  upon  the  one  which  has 
griven  most  offence.     Tn  the  judgment  of  thoughtful  men 
I  BOW  commit  tliem  :  the  unthoughtful  and  the  luafairwill 
Wot  read  them,  though  they  will  continue  to  abuse  them. 
I  have  no  desire  to  repay  in  kind  the  hard  words  already 
thrown  at  them  and  me ;   but  a  simple  coTnparison  will 
make  clear  to  my  more  noisy  and  unreasonable  assjiilants 
how  I  regard  their  position.    To  the  nobler  Bereans  of  the 
press  and  pulpit,  who  have  honoured  me  with  their  atten- 
tion, I  do  not  now  refer.    Webster  defines  a  squiitteras  one 
who  settles  on  new  land  without  a  title.     This,  in  regard 
to  Anthropology  and  Cosmogony,   I  hold   to  have  been 
the  position  of  the  older  theologians ;    and  what    their 
heated  successors  of  to-day  denounce  as  '  a  raid  upou  Theo- 
logy,' is,  in  my  opinion,  a  perfectly  legal  and  equitable  at- 
tempt to  remove  them  from  groiuul  which  they  have  no 
right  to  hold. 

If  the  title  exist,  let  it  be  produced.      It  ia  t\oV,  V\ie 
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revuion  of  the  text  of  Oenesis  by  accomplished  wbolars 
that  the  puhlic  so  much  ne«d,  as  to  be  informed  aud 
convinced  how  far  tlic  text,  p<jlishetl  or  unpoliube'l,  has  a 
claim  upon  the  bolief  of  intelligent  persons.     It  is,  I  fear, 
u  growing  conviction  that  oiir  ministers  of  religion,  for  the 
«ake  of  peaco,  more  or  less  sacrifice  their  aiucerity  in  il'^al- 
iug  with  the  (Wmogonj  of  the  Old  Testament.     I  notice 
this  in  conversation,  and  it  is  getting  into  print.     Before 
me,  for  example,  is  a  little  hrochuir,  in  which  a  Liyman 
presses  a  clerical  friend  with  a  series  of  quertions  reg;irdiu>j 
Creation — the  six-day  period  i>f  Dirine  activity,  the  destnio- 
tion  of  the  world  by  a  flootl,  the  building  of  an  ark,  th? 
placing  of  crejitures  in  it  by  pairs,  and  the  descent  from 
this  ancestrj-  of  all  living  things, '  men  and  women,  hLrd« 
and  beasts.'     He  asks  his  friend, '  Do   you  withuut  any 
viental  reservation  believe  these  things?'     'If  you  do,' 
be  continues,  *  then  I  can  only  say  that  the  accumulated 
and  accepted  knowledge  of  mankind,  including  the  entire 
sciences  of  .\stronomy.  Geology,  Philologj-,  and  History, 
are  [as  far  as  you  are  concerned]  nought  and  mistaken. 
If  you  do  not  believe  those  events  to  have  so  happened, 
or  do  so  with  some  mental  reservation,  wliich  destroys  the 
whole  sense  and  meaning  of  the  narrative,  ivky  do  you 
not  say  so  from  your  pulpits  /' 

The  friend  merely  parries  and  evades  the  question. 
According  to  Mr.  Martineau,  the  clergy  speak  very  differ- 
ently indeed  from  their  pulpits.  After  sliowing  how  the 
Mosaic  picture  of  the  '  genetic  order  of  things  *  has  been 
not  only  altered  but  inverted  by  scientific  research,  he  says : 
'  Notwithstanding  the  deplorable  condition  to  which  the 
picture  has  been  reduced,  it  is  exhibited  fresh  every  week 
to  millions  taught  to  lielieve  it  as  divine.'  It  cannot  he 
urged  that  error  hero  does  no  practical  harm,  or  tliat  it 
does  not  act  to  the  detriment  of  honest  men.  It  was  for 
openly  avowing  doubts  which,  it  is  said,  others  discreetly 
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un,  that  the  Bishop  of  Natal  suffered  persecution ; 
was  for  his  public  fidelity  to  scientific  truth,  as  fai"  as 
Ilia  lights  extended,  that  he  was  branded,  even  during  his 
recent  visit  to  this  country,  as  an  'excommunicated 
heretic/  The  courage  of  Dean  Stanley  and  of  the  Master 
(of  Balliol,  in  reference  to  this  tjuestion,  disarmed  indig- 
nation, and  caused  the  public  to  overlook  a  wrong  which 
might  not  otherwise  have  been  endured. 

The  liberal  and  intelligent  portion  of  Christendom 
must,  I  take  it,  differentiate  itself  more  and  more,  in  word 
id    act,  from    the    fanatical,  foolish,  and    more    purely 
eerdotal   portion.      Enlightened  Roman  Catholics  are 
more  especially  boimd  to  take  action  here;  for  the  travesty 
of  heaven  and  earth  is  grosser,  and  the  attempt  to  impose 
jt  on  the  world  is  more  serious,  in  their  community  than 
swhere.     That  they  are  more  or  less  alive  to  this  state 
things,  and  that  they  show  an  increasing  courage  and 
adependence  in  their  demands  for  education,  will  be  plain 
to  the  reiider  of  the  '  Apology  for  the  Belfast  Address.' 
tie  '  Memorial '  there  referred  to  was  the  impatient  pro- 
gt   of   barristers,   physicians,   surgeons,  solicitors,   and 
cliolars  among  the  Catholics  themselves.     They  must  not 
relax  their  pressure  nor  relinquish  their  demands.     For 
beir  spiritual  guides  live  so  exclusively  in  the  pre-scieu  • 
itic  past,  that  even  the  really  strong  intellects  among 
bem  are  reduced  to  atrophy  as  regards  scientific  trutli. 
Eyes  they  have,  and  see  not ;  ears  they  have,  and  hear 
not ;  for  both  eyes  and  ears  are  taken  possession  of  by  the 
sights  and  sounds  of  another  age.     In  relation  to  Science, 
the  Ultramontane  brain,  through  lack  of  exercise,  is  virtu- 
ally the  undeveloped  brain  of  the  child.    And  thus  it  is  that 
children  in  scientific  knowledge,  but  as  potent  wielders 
spirituid  power  among  the  ignorant,  they  coimtenance 
^nd  enforce  practices  sufficient  to  bring  the  blush  of  shame 
the  irlieeks  of  the  more  intelligent  among  themselves. 
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Such  is  the  force  of  early  education,  when  maintained 
and  perpetuated  by  the  habits  of  subsequent  life;  such  the' 
ground  of  peril  in  allowing  the  Bchools  of  a  nation  to  fall 
into  Ultramontane  hands.  Let  any  able  Catholic  student 
fairly  educated,  and  not  yet  cramped  by  sacerdotalism,  ge 
a  real  scientific  grasp  of  the  magnitude  and  organisation  of 
this  universe.  Let  him  sit  under  the  immeasurable  heaver 
wat<;h  the  stars  in  their  courses,  scan  the  mysterious  nebuls 
and  try  to  realise  what  it  all  is  and  means.  Let  him  brii 
the  tlioughta  and  conceptions  which  thus  enter  his  mind 
face  to  face  with  the  notions  of  the  genesis  and  rule  of 
things  which  pervade  the  writings  of  the  princes  of  his 
Church,  and  he  will  see  and  feel  what  drivellers  even  men 
of  strenuous  intellects  may  become,  through  exclusively 
dwelling  and  dealing  with  theological  chimeras. 

But,  quitting  the  more  grotesque  forms  of  the  Theok 
gical,  I  already  see,  or  think  I  see,  emerging  from  recet 
discussions,  that  wonderful  plasticity  of  the  Theistic  Ide 
which  enables  it  t-o  maintain,  through  many  changes,  it 
hold  upon  superior  minds ;  and  which,  if  it  is  to  last, 
will  eventually  enable  it  to  shape  itself  in  accordance  with 
scientific  conditions.  I  notice  this,  for  instance,  in  the 
philosophic  sermon  of  Dr.  Quarry,  and  more  markedly  still 
in  that  of  Dr.  Ryder.  '  There  pervades,'  says  the  Rector 
of  Donnybrook,  'these  atoms  and  that  illimitable  universe, 
that  "choir  of  heaven  and  fumitiu-e  of  earth,"  which  of 
such  atoms  is  built  up,  a  certain  force,  known  in  its  most 
familiar  form  by  the  name  of  "  life."  which  may  he  re- 
yarded  as  the  ultimate  essence  of  matter.'  And,  speaking 
of  the  awfid  search  of  the  intellect  for  the  iniinite  Creator, 
and  of  tlie  grave  difficulties  which  encompass  the  subject, 
the  same  writer  says :  '  We  know  from  our  senses  finite 
existences  only.  Now  we  cannot  logically  infer  the  ex- 
istence of  an  infinite  God  from  tlie  greatest  conceivable 
number  of  finite  existences.     There  must  always  obviously 
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i  more  in  the  conclusion  than  in  the  premisses.'     Such 
Jguage  is  new  to  the  pulpit,  but  it  will  become  less  and 
rare.     It  is  not  the  poets  and  philosophers  among  our 
Bologians — and  in  our  day  the  philosopher  who  wanders 
fond  the  strict  boundary  of  Science  is  more  or  less 
trged  in  the  poet — it  is  not  tliese,  who  i'eel  tlie  life  of 
igion,  but  tlie  mechanics,  who  cling  to  its  scaffolding, 
are  most  anxious  to  tie  the  world  down  to  the  un- 
:'  tenable  conceptions  of  an  uncultivated  {last. 
^H    Before  me  is  another  printed  sermon  of  a  different 
^■aract^r   from   those  just   referred  to.      It  is   entitled 
^Kbe    Necessary   Limits   of    Christian   Evidences."      Its 
flrathor,  Dr.  Keichel,  has  Ijeen  frequently  referred  to  as  an 
authority,  particularly  on  personal  subjects,  diu-ing  recent 
discussions.     The  sermon  was  first  preached  in   Belfast, 
and   afterwards,   in   iin  amplified  and    amended  forai,  in 
the  Exhibition  Building  in  Dublin.     In  passing,  I  would 
make  a  single  remark  upon  its  opening  paragrapli.     This 
contains  an  argument  regarding  Christ  whioli  I  have  fre- 
tafluently  heard  used  in  substance  by  good  men,  though  never 
Pnefore  with  the  grating  emphasis  here  employed.    '  The  re- 
surrection of  our  Saviour,'  says  Dr.  Beichel, '  is  the  central 
feet  of  Christianity.    Without  His  re^iurrcclion.  His  birth 
and  His  death  would  have   been  alike  unavailing ;  nay 
more,  if  He  did  not  rise  from  the  dead.  His  birth  was  the 
birth  of  a  bastard,  and  His  death  the  death  of  an  impostor.' 
This  maybe  'orthodoxy;'  but  entertaining  the  notions 
that  I  do  of  Christ,  and  of  His  incomparable  life  upon  the 

t:th,  if  the  momentary  use  of  the    term    '  blasphemy ' 
re  granted  to  me  by  my  Christian  brethren,  I  should 
feel  inclined  to  employ  it  here. 
^P   Better  instructed  than   he  had  been  at  Belfiist,  the 
^wator  in  Didilin  gave  prominence  to  a  personal  argu- 
which  I  have  noticed   elsewhere.'      He  has  been 
'  '  Apolc^  for  Belfast  Addifsi.' 
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followed  in  this  particular  by  the  Bishop  of  Meath  am 

other  estimable  persous.      This  is  to   be  regretted, 

cause  in  dealing  with  these  high  themes  the  nu'nd  oug] 

to  \>e  the  seat  of  dignity — if  possible  of  chi^'alrv — bii 

certainly  not  the  seat  of  littlenesw,      '  I  propose,' 

the  preacher,  '  making  some  remarks  on   the  doctri 

thus  propounded    [in   Belfast].      And,  first,  lest   any  oi 

you  slioukl  be  undidy  impressed  by  the  mere  authority 

of  its  propounder,  us  well  as  by  the  fluent  grace  with 

wliich  he  sets  it  forth,   it   is  right  that   I  should  tel 

you,  that  these  conclusions,  though  given  out  on  an  oc^ 

sion  which  apparently  stumped  tliem  with  the  genei 

approbation  of  the  scientific  world,  do  not  possess  thi 

approbation.     The  mind  that  arrived  at  them,  and  di; 

played  them  with  so  much  complacency,  is  a  mind  triuni 

in  the  school  of  mere  experiment,  not  in  the  study,  h 

in  the  laboratory.     Accordingly  the  highest  mathemati 

intellects  of  the  Association  disclaim  and  repudiate  t 

theories  of  its  President.     In   the  mathematical  laws 

which  all  material  phenomena  and  substances  are 

year  more  distinctly  perceived  to  be  subordinated,  th 

see  another  side  of  Nature,  which  has  not  impressed  itsi 

upon  the  mere  experimentalist.' ' 

Tn    view   of   the    new   virtue  here    thrust    upon  the' 

mathematician,  D'Alembert  and  Laplace  present  a  iliffi- 

culty,  and   we  are  left  without  a   clue  to   the  peculiar 

orthodoxy  of  Helmholtz,  Clifford,  and  other  distinguished 

men.     As   regur<ls   my  own  mental   training,   inasmui 

as   my    censors    think    it    not    beneath   them  to    dwel 

upon  a  point  so  small,   I  may  say  that  the  foregoi 

statement  is  iucoiTect.     The  separation,  moreover,  of  tbi 

'study'  from  the  'laboratory'  is  not  admissible,  because 

'  *  Ka   ist  ihre    Tnktik,  die  Oegner,   gogen   irolche  nia   niclits 
auuurichtcn  vermogon,  veriichtlich  sni  belmndcln,  und  nllmiihlioh  : 
Aohtuiig  des  I*\iblikumB  hcrabziiaeUen.'     'I'liin  \rii8  «  ritten  of  llio  Jesuit* 
reference  to  thoir  treutracut.  ul  Dr.  UoUiuger.     U  U  true  of  utli«n. 
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laboratory  is  a  '  study '  in  which  Bymbols  give  place 

natural  fact,s.     The  word  Mesopotamia  is  said  to  have  a 

Jred  unction  for  many  minds,  and  possibly  the   title  of 

■ '  Inaugural  Dissertation  '  at  Marburjj  may  have  an  effect 

this  kind  on  my  right  reverend  and  reverend  critics  of 

new  mathematical  school.     Here  accordingly  it  is: 

We    Schraubcurtiiclie    mit    geneigter    Erzetigungslinie, 

die   Bedingiingen   des   GleichgcwicLts   auf  solchen 

irauben.'      A    little    tenderness    may,    perhaps.  How 

yards  me,  after  these  words  liave  made  it  known    that 

[began  my  narrow  .scientific  hie  less  us  an  esperimeutulist 

^an  as  a  mathematician. 

If,  as  asserted,  'the  highest  tuiithematical  intellects  of 
|e  Association  disclaitn  and  repudiate  the  theories  of  its 
sident,'  it  would  be  their  bounden  duty  not  to  rest  con- 
it  with  this  mere  second-hand  utterance.     They  ought 
permit  the  light  of  life  to  stream  upon  us  directly  from 
emselves,  instead  of  sending  it  through  the  rude  pole- 
oscope'  of  Dr.  Keicliel.     But  the  point  of  importance 
be  impressed  upon  him,  and  upon  those  who  may  be 
tempted  to  foUnw    him  ui  his  ad\euturnus    theories,  is, 
il  out  of  Mathematics  no  stvlvation   for  Theology  can 
sibly  come. 


By  such  reflections  I  am  brought  face  to  face  with  an 
ly  to  which  my  attention  has  been  directed  by  several 
timable,  and  iudt«l    eminent,   persons,    as  demanding 
ious  consideration  at  my  hands.     I  refer  with  pleasure 
'  the  accord  subsisting  between  the  Rev.  James  Maiti- 
lu   and    myself   on    certain    points   of   biblical    Cos- 
mogony.    '  In  so  far,'  says  Mr.  Martineau,  '  as  Church  i>e- 
WfS  is  still  committed  to  a  given  Cosmogony  and  natural 
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'   'Aoobliquo  porepcctivo  gkBS,  for  seeing  oljects  not  directly  before 
eyes.' — If'eAj/fr.     To  mere  obliquity.   Dr.  Roichel's  instrument  udils 
irHjnosi  of  construction. 
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history  of  man,  it  lies  open  to  scientific  refutation/  An 
again  :  '  It  turns  out  that  with  the  sun  and  moon  and ! 
and  in  and  on  the  earth,  before  and  aft«r  the  appearance  < 
our  race,  quite  other  things  hare  happened  than  t))o$e  vhie 
the  sacred  Cosmogony  recites.'  Once  more :  '  The  whol< 
history  of  the  genesis  of  things  Religion  must  ?u 
render  to  the  Sciences.'  Finally,  still  more  emphaticaDjI 
'  In  the  investigation  of  the  genetic  order  of  thii 
Theology  is  an  intruder,  and  must  stand  aside.' 
expresses,  only  in  words  of  fuller  pith,  the  views  whid>l 
ventured  to  enunciate  in  Rel&st.  'The  impregna 
position  of  Science,'  I  there  say,  '  may  be  stated  in  a 
words.  We  claim,  and  we  shall  wrest  from  Theology,  th 
entire  domain  of  Cosmological  theory.'  Thus  Theolog 
so  far  as  it  is  reprcspnted  by  Mr.  Martineau,  and  Scieniaa 
so  far  as  I  understand  it,  are  in  absolute  harmony  here. 

But  Mr.  Martineau  would  liave  jost  reason  to 
plain  of  me,  if,  by  partial  citation,  I  lef^.  my  readeif 
under  the  impression  that  the  agreement  between  ua  is 
complete.  At  the  opening  of  the  eighty-ninth  SessioB 
of  the  Manchester  New  College,  liondou,  on  October  6, 
1874,  he,  its  principal,  delivered  the  Address  from  which  I 
have  quoted.  It  bears  th^  title  '  Religion  as  aflfected  by 
Modem  Materialism ; '  and  its  references  and  general  tone 
make  e\'ident  tlie  depth  of  its  author's  discontent  with 
my  pre\'iou8  deliverance  at  Belfast.  I  find  it  difficult  to 
grapple  with  the  exact  grounds  of  this  discontent.  In- 
deed, logically  considered,  the  impression  left  upon  my 
mind  by  an  essay  of  great  aesthetic  merit,  containing  many 
passages  of  exceeding  beauty,  and  many  sentiments  which 
none  but  the  pure  in  heart  coukl  utter  as  they  are  iitterrd 
here,  is  vague  and  unsatisfactory.  The  atithor  appcan 
at  times  so  brave  and  liberal,  at  times  so  timid  and 
captious,  and  at  times  so  imperfectly  informed  regardifig 
the  position  he  assails. 
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At  the  outset  of  his  Address  Mr.  Martineau  states  with 
tome  distinctness  his  'sources  of  religious  faith.'  They 
are  two — '  the  scrutiny  of  Nature '  and  '  the  interpretation 
of  Sacred  Books.'  It  woidd  have  been  a  theme  worthy  of 
his  intelligence  to  have  deduced  from  these  two  soiurces 
big  religion  as  it  stands.  But  not  another  word  is  .«aid 
«bout  the  •  Sacred  Books.'  Having  swept  with  the  besom 
of  Science  various  '  books  *  contemptuously  away,  he  does 
Dot  define  the  Sacred  residue ;  much  less  gjive  us  the 
reasons  why  he  deems  them  gacre<l.  His  references  to 
•Nature,'  on  the  other  hand,  are  magnificent  tirades 
against  \atiu-e,  intended,  apparently,  to  show  the  wholly 
abominable  character  of  man's  antecedents  if  the  theory 
of  evolution  be  true.  Here  also  his  mood  lacks  steadiness. 
While  joyfully  accepting,  at  one  place, '  the  widening  space, 
the  deepening  vistas  of  time,  the  detected  marvels  of  physio- 
logical structure,  and  the  rapid  filHng-in  of  tlie  missing  links 
in  the  chain  of  organic  life,'  he  falls,  at  another,  into  lament- 
ation and  mourning  over  the  very  theory  which  renders 
'organic  life ' '  a  chain.'  He  claims  the  largest  liberality  for 
his  sect,  and  avows  its  contempt  for  t!ie  dangers  of  possible 
discovery.  But  immediately  afterwards  lie  damages  the 
claim,  rtud  ruins  all  confidence  in  the  avowal.  He  professes 
•ympatliy  with  modem  Science,  and  almost  in  the  same 
breath  he  treats,  or  certainly  will  be  imderstood  to  treat, 
the  Atomic  Theory,  and  the  doctrine  of  the  Conservation 
of  Energy,  as  if  they  were  a  kind  of  scientific  thimble- 
riggery. 

His  ardour,  moreover,  renders  him  inaccurate;  causing 
I   him  to  see  disconl  between  scientific  men,  where  nothing 
but  harmony  reigns.     In  his  celebrated  Addiess  to  the 
Congi'esB  of  German  Naturforscher,  delivered  at  Leipzig, 
^^ree  years  ago,  Du  Bois  Reymond  speaks  thus  :  '  What 
Hfcnceivable   connection  subsists  between  definite   move- 
ments of  definite  atoms  in  my  brain,  on  the  one  \^'Ci<^, 


<-v"r  i'  (jfrt^iflx  Ot  lie  sc/^mpk-te  pjulaeophT of  ti^e  bnau 

'  'I'll''  iitflui-iiri-  i>f  illtislrati/>n,*  writes  an  aUe  mw^  ni^- 
j»;it  h'-ti'-  f  cvii-wcr  of  t  lii-  c-i*ay,  in  the  "■  New  Vork  Tribnsft 
'in  witicli  Mr.  .\f;irf.iri»;Hii  'i<-'lij^hts  often  impairs  the  distinct- 
ui-MK  ni  liJH  Hl.fi),«rm(!nts  by  diverting  the  attention  of  the 
rcjulcr  from  tin;  (iHWjiitial  points  of  his  discussion  to  the 
V  of  hiH  iinuKcry,  and  Ifius  diminishes  their  power  of 
ion,'     To  the  bounties  here  referred  to  I  bear  wilhug 
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stimony  ;  but  the  excesses  touched  upon   reach  far  be- 

ond  the  reader,  to  their  primal  seat  and  source  in  Mr. 

(artineau's   own   mind ;    mixing   together    there   things 

bat  ought  to  be  kept  apart ;  producing  vagueness  where 

ecision  is  the  one  thing  needful ;  poetic  fervour  where 

'  require  judicial  calm :  and  practical  unfairness  where 

he  strictest  justice  ought  to  he,  and  I  willingly  believe  is 

at  to  be,  observed. 

In  one  of  his  nobler  passages  Mr.  Martineau  teUs  us 
ow.the  pupils  of  his  college  have  been  educated  hitherto : 
fThey  have  been  trained  under  the  assumptions  ( Ist)  that 
be  Universe  which  includes  us  and  folds  us  round  is  the 
Iwelling  of  an  Eternal  Mind  ;  (2nd)  that  the  world  of 
'  abode  is  the  scene  of  a  moral  goveniment,  incipient 
Dt  not  complete;  and  (3rd)  that  the  upper  zones  of 
bnman  affection,  above  the  clouds  of  self  and  pas;*ion, 
take  us  into  the  sphere  of  a  Divine  Communioti.  Into 
this  over-arching  scene  it  is  that  growing  thought  and 
enthusiasm  have  expanded  to  catch  their  light  and  fire.' 

Alpine  siunmits  must  kindle  above  the  mountaineer 
who  reads  these  stirring  words  ;  I  see  their  beauty  and  feel 
eir  life.  Nay,  in  my  own  feeble  way,  at  the  close  of  one  of 
essays  here  printed,  I  thus  affirm  the  '  Commimion  ' 
Ihich  Mr.  Martineau  calls  '  Divine':  '"Two  things,"  said 
Immanuel  Kant,  "fill  me  with  awe — the  starry  heavens,and 
•  sense  of  moral  responsibility  in  man."  And  in  his  liours 
'health  and  strength  and  sanity,  when  the  stroke  of  action 
bus  ceased,  and  the  pause  of  reflection  has  set  in,  the  scien- 
tific investigator  finds  himself  overshadowed  by  the  same 
awe.  Breaking  contact  with  the  hampering  details  of  earth, 
it  associates  him  with  a  power  which  gives  fulness  and  tone 
to  his  existence,  but  which  he  can  neither  analyse  nor 
comprehend.' ' 

In  the  first  Preface  to  the  '  Belfsat  Addresi '  I  referred  to  '  boon  of 
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Though  '  knowledge '  is  here  disavowed,  the  '  fr*liiig«' 
of  Mr.  Martineau  and  myself  are,  I  think,  verj  much  ahke. 
But,  notwithstanding  the  mutual  independence  of  rehgioui 
feeling  and  objective  knowledge  thus  demoustrated,  he  cen- 
sures me — almost  denoimces  me — for  referring  Rt'li_ 

the  region  of  Emotion.     Surely  he  is  incon$ist«:ni  

The  foregoing  words  refer  to  an  inward  hue  or  t«mp«rn- 
ture,  rather  than  to  an  external  object  of  thought.  Wlien 
I  attempt  to  give  the  Power  which  I  see  manifested  in 
the  Universe  an  objective  form,  personal  or  otherwise,  it 
slips  away  from  me,  declining  all  intellectual  manipnli- 
tion.  I  dare  not,  save  poetically,  use  the  pronotm  'He' 
regarding  it ;  I  dare  not  call  it  a  '  ALnd  ; '  I  refii*  to 
call  it  even  a  '  Cause.'  Its  mystery  overshadows  me: 
but  it  remains  a  mystery,  while  the  objective  fr?jaa 
which  my  neiglibours  try  to  make  it  fit,  simply  distort 
and  desecrate  it. 

It  is  otherwise  with  Mr.  Martineau,  and  hence  his 
discontent.  He  professes  to  know  where  I  only  claim 
to  /eel.  He  could  make  his  contention  good  against  me 
if  he  would  transform,  by  a  process  of  verification,  U» 
foregoing  three  assumptions  into  'objective  knowled^.' 
But  he  makes  no  attempt  to  do  so.  They  remain 
assumptions  from  the  beginning  of  his  Address  to  its  end. 
And  yet  he  fre<|uently  uses  the  word  '  imverified,'  as  if  it 
were  fatal  to  the  position  on  which  its  incidence  fall?-.  '  The 
scrutiny  of  Nature '  is  one  of  his  sources  of  *  religiou* 
faith  : '  what  logical  foothold  does  that  scrutiny  fumiiJ) 
on  which   any  one   of  the  foregoing  three  assumptiooi 

elearsess  und  rigour'  u  four  years  previously  I  li*il  rrferred  to  !> 
'brsltli  and  strragth  sod  sanity ; '  and  bruught  down  upon  my>elf,  i' 
quoDce,  n  considiTivble  amount  of  ridicule.  AVhy.  1  know  not.   For  tn  r 
not  when  sleepy  after  a  gluUonoUN  mcnl,  or  when  Kufiuring  from  d\  ~, 
or  even  when  posBCHwd  by  au  iiritlimetical  problem  demanding  cuuoeuint*! 
tboiiglit,  Ibnt  we  caiu  niobt  for  the  '  suury  beareiu  or  tlio  sonsa  uf  mpOB- 
sibility  in  muu.* 
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Id  be  planted  ?     Nature,  according  to  his  picturing,  is 
and  cruel :  what  is  the  inference  to  be  drawn  regard- 
its  Author?     If  Nature  be  'red  in  tooth  and  claw,' 
^who  is  responsible?    On  a  Mindless  nature  .Mr.  Martineau 
rs  the  full  torrent  of  his  gorgeous  invective ;  but  could 
je  '  assumption  '  of '  an  Eternal  Mind  ' — even  of  a  Bene- 
I  fioent  Eternal  Mind — render  the  world  objectively  a  whit 
1  leas  mean  and  u^ly  than  it  is  ?     Not  an  iota.     It  is  man's 
feeUngsi,  and  not  external  phenomena,  that  are  influenced 
by  the  assumption.     It  adds  not  a  ray  of  light  nor  a 
^strain  of  music  to  the  objective  sum  of  things.     It  does 
^■t  touch  the  phenomena  of  physical  nature — storm,  flood, 
Wrfire — uor  diminish  by  a  pang  the  bloody  combats  of 
j  the    animal  world.     But  it   does   add    the  glow  of  reli- 
i  gious  emotion  to  the  human  soul,  as  represented  by  Mr. 
Martineau.      Beyond  this  I    defy  liim    to    gu ;  and    yet 
he  rashly — it  might  be  said  petulantly — kicka   away  the 
I  only  philosophic  foundation  on  which  it  is  possible  for  him 
to  build  his  religion. 

He  twits  incidentally  the  modem  scientific  interpreta- 
tion of  nature  because  of  its  want  of  clieerfulness.  '  Let 
)  the  new  future,'  he  saya,  '  preach  it.'!  own  gospel,  and 
'  devise,  if  it  can,  the  means  of  making  the  tidings  fjlad.'' 
This  is  a  common  argument :  '  If  you  only  knew  the 
comfort,  of  belief!'  My  reply  to  it  is  that  I  choose  the 
nobler  part  of  Emerson,  when,  after  various  disenchant- 
mpnts,  he  exclaimed,  '  I  covet  tiiitkl'  The  gladness  of 
true  heroism  visits  the  heart  of  him  who  is  really  compe- 
tfint  to  say  this.  Besides,  '  gladness '  is  an  emotion,  and 
Mr.  Martineau  theoretically  scorns  the  emotional.  1  am 
not,  however,  acquainted  with  a  writer  who  draws  more 
rgely  upon  this  source,  while  mistaking  it  for  something 
abjective.  '  To  reach  the  Cause,'  he  says,  '  there  is  no  need 
to  go  into  the  past,  as  though  being  missed  here  He  could 
be  found  there.      But  when  once  He  lias  beeu  aYpxe- 
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hended  by  the  proper  organs  of  divine  apprehension, 
the  whole  life  of  Humanity  is  recognised  as  the  scene  o( 
His  agency.'  That  Mr.  Martineau  shoidd  have  lived  Ml 
long,  thought  so  much,  and  failed  to  recognise  the  en- 
tirely subjective  character  of  this  creed,  is  highly  ia- 
structive.  His  '  proper  organs  of  divine  apprehengioii'^ 
— denied,  I  may  say,  to  some  of  the  greatest  intell 
and  noblest  men  in  this  and  other  ages — lie  at  the 
core  of  his  emotions. 

In  fact,  it  is  when  Mr.  Martineau  is  most  purely  emo- 
tional that  he  scorns  the  emotions;  and  it  is  when  he  is  m^ 
purely  subjective  that  he  rejects  subjectivity.  He  payiH 
just  and  liberal  tribute  to  the  character  of  John  Stuart^ 
Mill.  But  in  the  light  of  Mill's  philosophy,  benevolen 
honour,  purity,  having  '  shrunk  into  mere  unaccredi^j 
subjective  susceptibilities,  have  lost  all  support 
Omniseient  approvjil,  a^d  all  presumable  accordance 
the  reality  of  things.'  If  JMr.  Martineau  had  given  th 
any  inkling  of  the  process  by  which  he  renders  the 
jective  susceptibilities'  objective,  or  how  he  arrives 
an  objective  ground  of  'Omniscient  approval,' 
tude  from  Ids  pupils  woidd  have  been  his  just  me 
But,  as  it  is,  he  leaves  tbem  lost  in  an  iridescent  cloud  tf 
words,  after  exciting  a  desire  which  he  is  incompetent  to 
appease. 

'  We  are,'  he  says,  in  another  place,  '  for  ever  shaping 
our  representations  of  invisible  things  into  forms  of  de- 
finite opinion,  and  throwing  them  to  the  front,  as  if 
they  were  the  photographic  equivalent  of  our  real  faith. 
It  is  a  delusion  which  affects  us  all.  Yet  somehow  the 
essence  of  our  religion  never  finds  its  way  into  these 
frames  of  theory :  as  we  put  them  together  it  slips  away, 
and,  if  we  turn  to  pursue  it,  still  retreats  behind ;  ever 
ready  to  work  with  the  will,  to  unbind  and  sweeten  the 
affections,  and  bathe  the  life  with  reverence,  but  refusing 
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►  be  secD,  or  to  pass  from  a  divine  hue  of  thinking  into 
human  pattern  of  thought.'  This  is  very  beautiful,  and 
kainlj  so  because  the  man  who  utters  it  obviously 
rings  it  all  out  of  the  treiisury  of  his  own  heart.  But 
le  '  hue '  and  '  pattern '  here  so  finely  spoken  of,  are 
either  more  nor  less  than  that  'emotion,'  on  the  one 
and,  and  that  '  olijective  knowledge,'  on  the  otlier, 
rfaich  have  drawn  this  suicidal  fire  from  Mr.  Murtineau's 
Bttery. 

I  now  come  to  one  of  the  most  serious  portions  of 
Ir.  Martineau's  pamphlet — serious  far  less  on  account  of 
M  *  personal  errors,'  than  of  its  intrinsic  graN-ity,  though 
ts  author  has  thought  fit  to  give  it  a  witty  and  sarcastic 
one.  He  analyses  and  criticises  '  the  materialist 
■ferine,  which,  in  our  time,  is  proclaimed  with  so  much 
ODip.  and  resisted  with  so  much  passion.     "  Matter  is  all 

fant,"  says  the  physicist ;  "  give  me  its  atoms  alone,  and 
jfll  explain  the  universe." '  It  is  thought,  even  by  Mr. 
rtineau's  intimate  friends,  that  in  this  pamphlet  he  is 
newering  me.  I  must  therefore  ask  the  reader  to  con- 
tftBt  the  foregoing  travesty  with  what  I  really  do  say 
egarding  atoms :  '  I  do  not  think  that  he  [the  material- 
jt]  is  entitled  to  say  that  his  molecular  groupings  and 
lotions  explain  everything.  In  reality,  they  explain 
lOthing.  The  utmost  he  can  affirm  is  the  association  of 
wo  classes  of  phenomena,  of  whoso  real  bond  of  union  he 
s  in  absolute  ignorance.' '  This  is  very  different  from 
aying, '  Give  me  its  atoms  alone,  and  I  will  explain  the 
miverse.'  Mr.  Martineau  continues  his  dialogue  with  the 
(hysicist :  '  "  Good,"  he  says ;  "  take  as  many  atoms  as 
'ou  please.  See  that  they  have  all  that  is  requisite  to  Body 
a  metaphysical  B],  being  homogeneous  extended  solids." 
'That   is   not   enough,"  he  replies;  "it   might   do   for 


'  Address  on  '  Scieutific  Materialism.' 
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Democritus   and    the  mathematicians,  hut  I  must 
BomethinfT  more.     The  atoms  must  not  only  lie  in  motid 
and  of  various  shapes,  but  also  of  as  many  kinds  as  \\uM, 
are  chemical  elements  ;  for  how  could  I  ever  get  wat« 
I  had  only  liydrogen  elements  to  work  with  ?  "  "  So  1*?  I 
Mr.  Martineau  consents  to  reply,  "  only  this  is  a  consid 
able  enlargement  of  your  specified  datum    [where, 
by  whom  specified?] — in  fact,  a  conversion  of  it 
several ;  yet,  even  at  the  cost  of  its  monism  [put  intol 
by  Mr.  Martineau]  your  scheme  seems  hardly  to 
its   end :    for  by  what  manipulation  of   your   resources 
will  you,  for  example,  educe  Consciousness?"' 

This  reads  like   pleasantry,  but  it  deals  with  serifl 
things.     For  the  last  seven  years  the  question  prop 
by  Mr.  Martineau  and  my  answer  to  it  have  been 
ible  to  all.      They  are  also  given  in  this  volume,     H< 
briefly,  is  the  question :   '  A  man  can  say,   "  I   f© 
think,  I  love,"  but  liow  does  consciousness  infuse  itself  i4 
the  problem  ?  '      And  here  is  the  answer :  '  The   p.i! 
from  the  physics  of  the  brain  to  the  corresponding  fa 
of  consciousness  is  unthinkable.      Granted  that  a  defi 
tboujjht   and   a   definite   molecular  action  in    the  br 
occur  ijimultaneously  ;  we  do  not  possess  the  intellect 
organ,  nor  apparently  any  rudiment  of  the  organ,  wh 
would  enable  us  to  pass,  by  a  process  of  reasoning,  fr 
the  one  to  the  other.     They  appear  together,  but  we 
not  know  why.    Were  our  minds  and  senses  so  expand 
strengthened,  and  illuminated,  as  to  enable  us  to  see  i 
feel  the  very  mcdecules  of  tlie  brain  ;  were  we  capable  of  f(| 
lowing  all  their  motions,  all  their  groupings,  all 
electric  discharges,  if  such   there  lie ;  and  were  we  in 
mately  acquainted  wththe  corresponding  states  of  thou 
and  feeling,  we  should  )ie  as  far  as  ever  from  the  soli 
of  the  problem,  "  How  are  these  physical  processes  ca 
nected  with  the  facts   of  consciousness  ? "     The   ch 


DTTRODUCTION. 


341 


between  the  two  classes  of  phenomena  would  still  remain 
intellectually  impKissable.' ' 

Compare  this  with  the  answer  which  ^Ir.  Miirtineau 
puts  into  the  mouth  of  Aw  physicist,  and  with  which  I  am 
generally  credited  by  Mr.  Martineau's  readers :  '  "  It  [the 
problem  of  consciousness]  does  not  daunt  me  at  all.  Of 
course  you  imderstand  that  all  along  my  atoms  have  been 
affected  by graWtation  and  polarity;  and  now  I  have  only 
to  insist  with  Fechuer  on  a  difl'erence  among  molecules: 
there  ai-e  the  iiwrganic,  which  can  change  only  their 
place,  like  the  particles  in  an  undulation  ;  and  there  are 
tlie  organic,  which  can  change  their  order,  as  in  a  globule 
that  turns  itself  inside  out.  With  an  adequate  uumb«*r 
of  these,  our  problem  will  be  manageable."  "  Likely 
enough,"  we  may  say  ["  entirely  unlikely,"  say  I],  "  seeing 
how  careful  you  are  to  provide  for  all  emergencies  ;  and 
if  any  hitch  should  occur  in  the  next  step,  where  you  will 
have  to  pass  from  mere  sentiency  to  thouglit  and  will,  you 
can  again  look  in  upon  your  atoms,  and  fling  among  them 
a  handful  of  Leibnitz's  monads,  to  serve  a^  soids  in  little, 
and  be  ready,  in  a  latent  form,  with  that  Vorstellungs- 
fahigkeit  which  our  picturesque  interpreters  of  nature  so 
mucli  prize." ' 

'  But  surely,'  continues  Mr.  Martineau,  '  you  must 
observe  tliat  this  "  matter  "  of  yours  alters  its  style  with 
every  change  of  service  :  starting  as  a  beggar,  with  scarce 
a  rag  of  "  property  "  to  cover  its  bones,  it  turns  up  as  a 
prince  when  large  undertakings  are  wanted.  "  We  must 
radically  change  our  notions  of  matter,"  says  Professor 
Tyndall;  and  then,  he  ventures  to  believe,  it  will  answer 
all  demands,  carrying  "  the  promise  and  potency  of  all 
terrestrial  life."  If  the  measure  of  the  required  "  change 
in  our  notions  "  had  been  speeitied,  the  proposition  would 

'  Bishop  Butler's  reply  to  tho  Lucretian  in  the  '  BeUiust  Address '  i&  all 
in  the  aamo  strain. 
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have  had  a  real  meaning,  and  been  susceptible  of  a  t«t. 
It  is  easy  travelling  through  the  stages  of  such  an  hypo- 
thesis ;  you  deposit  at  your  Iwink  a  round  sum  ere  you 
start,  and,  drawing  on  it  piecemeal  at  every  pause,  ooni- 
plete  your  grand  tour  without  a  debt/ 

The    last    paragraph    of    this   argument   is    forcihlj 
and  ably  stated.     On  it  I  am  willing  to  try  concliuii 
witli  Mr.  Martineau.     I  may  say,  in  passing,  that  I  sh; 
his  contempt  for  the  pictm-estpie  interpretation  of  nali 
if  accuracy  of  vision  be  thereby  impaired.     But  the  t 
Vorstellungs-fiihigkeit,  as  used  by  me,  means  the  power 
de6nite  mental  presentation,  of  attaching  to  words 
corresponding  objects  of  thought,  and  of  seeing  these 
their  proper  relations,  without  the  interior  haze  and 
jx'iiuinbral  bordere  which  the  theologian  loves.     To  th' 
mode  of  '  interpreting  nature '  I  shall  to  the  best  of  ta 
ability  now  adhere. 

Neither  of  us,  I  trust,  will  be  afraid  or  ashamed  t« 
begin  at  the  alphabet  of  this  question.  Our  first  effort 
must  be  to  understand  each  other,  and  this  mutual  under- 
standing can  only  be  ensured  by  beginning  low  down. 
Physically  speaking,  however,  we  need  not  go  below  llie 
sea-level.  Ix't  us  then  travel  in  company  to  the  Caribbean 
Sea,  and  halt  upon  the  heated  water.  What  is  that  t^M 
and  what  is  the  sun  which  heats  it?  Answering  for  mw 
self,  I  say  that  tliey  are  both  matter.  I  fill  a  glass  with 
the  sea-water  and  expose  it  on  the  deck  of  the  vessel ;  after 
some  time  the  liquid  has  all  disappeared,  and  left  a  soW 
residue  of  salts  in  the  glass  behind.  We  have  mobilil 
invisibility — apparent  annihilation.     In  virtue  of 

Tbe  glad  and  secret  aid 
The  suD  unto  th«  ocoan  paid, 

the  water  has  taken  to  itself  wings  and  flown  off  »i 
vapour.  From  the  whole  siuface  of  the  Caribbean  S«a 
such  vapour  is  rising :  and  now  we  must  follow  it — not 
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our  legs,  however,  nor  in  a  ship,  nor  even  in    a 

oon,  but  by  the  mind's  eye — in  other  words,  by  that 

jwer  of  Vorstelhuig  which  Mr.  Martineau  knows  so  well, 

d  which  he  so  justly  scorns  when   it  indulges  in  loose 

ractices. 

Compounding,   then,   the   northward   motion   of   the 
apour  with  the  earth's  axial  rotation,  we  track  our  fugitive 
rough  the  higher  atmospheric  regions,  obliquely  across 
e   Atlantic  Ocean  to  Western    Europe,  and  on  to  our 
miliar  Alps.      Here  another  wonderful  metamorphosis 
ccurs.     Floating  on  the  cold  calm  air,  and  in  presence 
if  the  cold  firmament,  the   \aponr   condenses,  not  only 
particles  of  water,    but   to   particles   of  crystalline 
ater.      These   coalesce   to    stars    of    anow,   which    fall 
.pon  the  mountains  in  forms  so  exquisite  that,  when  first 
seen,  they  never  fail  to  excite  raptiu-e.     As  to  beauty,  in- 
deed, they  put  tlie  work  of  tlie  lapidary  to  shame,  while 
as  to  accuracy  they  render  concrete  the  abstractions  of 
the  geometer.     Are  these   cr}'stals  '  matter  '  ?     Without 
I     presuming   to   dogmatise,   I   answer   for   myself  in   the 
^■affirmative. 

^B       Still,  a  formative  pmver  has  obviously  here  come  into 
^H)lay  which  did  not  manifest  itself  in  either  the  liquid  or 
^Plhe  vapour.     The  question  now  is,  Was  not  the  power 
'  potential '  in  both   of  them,  requiring  only  the  proper 
conditions  of  temperature  to  bring  it  into  action  ?    Again 
I  answer  for  myself  in  the   aifirmative.     I   am,  however, 
quite  willing  to  discuss  witli  Mr.  Martineau  the  alterna- 
tive hypothesis,  that  an  imponderable  formative  soul  unites 
itself  with  the  substance  alter  its  escape  from  the  liquid 
^^■Mate.     If  he  should  espouse  this  hypothesis,  then  I  should 
^  demand  of  him  an  immediate  exercise  of  that  Vorstel- 
lungs-f ahigkeit,  with  which,  in  mycflorts  to  think  clearly, 
I  can  never  dispense.     I  should  ask,  At  what  moment  did 
the  soul  come  in  ?     Did  it  enter  at  once  or  by  degrees ; 
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perfect  from  tlie  first,  or  growing  and  perfecting  it« 
contempitnineously  witli  its  own  handiwork  ?     I  bhou 
also  ask  whether  it   is  localised  or  ditf'used  ?      Doeu 
move  about  as  a  lonely  builder,  putting  the  bits  of  soli 
water  in  their  places  as  soon  as  the  proper  temperata 
has  set  in  ?  or  is  it  distributed   through   the   entire  mas 
of  the  crystal  ?     If  the  latter,  then  the  soul  has  the  ahsi 
of  the  crystal ;  but  if  the  former,  then   I   should  enqu 
after  its  shape.     Has  it  legs  or  arms  ?     If  not,  I  wou 
ask  it  to  be  made  clear  to  me  how  a  thing  without  th 
appliances  can  act  so  perfectly  the  part  of  a  builder?    (I 
insist  on  definition,  and  ask  unusual  questions,  if  haply  ] 
might  thereby  banish   im meaning   words.)      \Miat  weB 
the  condition  and  residence  of  the  soul  before  it  joine 
the  crystal  ?      What   becomes   of  it   when    the   crygtl 
is  dissolved  ?    Why  should  a  particular  temperature 
needed  before  it  can  exercise  its  vocation  ?     Finally,  i 
the  problem  before  us  in  any  way  simplified  liy  the  assiimp-' 
tion  of  its  existence?     I  think,  it  probable  that,  after  a 
full  discussion  of  the  question,  Mr.  Martineau  would  agree 
■  with  me  in  ascribing  the  building  power  displaved  in 
Lcrystal  to  the  bits  of  water  themselves.     At  all  events, 
pshould  coimt  upon  his  sympathy  so  far  ae  to  believe  thi 
he  would  consider  any  one  unmannerly  who  would  da 
nounce  mf  for  rejecting  this  notion  of  a  separate  soul,  an 
for  holding  the  snow-crystal  to  be  '  matter.' 

But    then    what    an    astonishing    addition    is    here 
made  to  the  powers  of  matter  I    Who  would  have  dreamti 
without  actually  seeing  its  work,  that  such  a  power 
locked   up  in   a  drop   of  water?     All  that   we   oe 
to  make  the  action  of  the  liquid  intelligible  was 
assumption  of  Jlr.  Martineau's  'homogeneous  estende 
atomic  solids,'  smoothly  gliding  over  one  another.     Ba 
had  we  supposed  the  water  to  be  nothing  more  tlian  tbii 
we  should  have  ignorantly  defrauded  it  of  an  intriii 
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architectural  power,  which  the  art  of  man,  even  when 
pushed  to  its  utmost  degree  of  refinement,  is  incompetent 
to  imitate.  I  would  invite  Mr.  ^lartineau  to  consider  how 
inappropriate  his  figure  of  a  fictitious  bank  deposit  be- 
comes imder  these  circumstances.  The  'account  ciurent' 
of  matter  receives  nothing  at  my  bunds  which  could  be 
honestly  kept  back  from  it.  If,  then,  '  Democritiis  and 
the  mathematicians '  so  defined  matter  as  to  exclude  the 
powers  here  proved  to  belong  to  it,  they  were  clearly 
wrong,  and  Mr.  Martineau,  instead  of  twitting  ine  with 
my  departure  from  them,  ought  rather  to  applaud  me  for 
correcting  them. 

The  reader  of  my  small  contributions  to  the  literature 
which  deals  with  the  overlapping  margins  of  Science  and 
Theology,  will  have  noticed  how  frequently  I  quote  Mr. 
Emerson.  I  do  so  mainly  because  in  hira  we  have  a  poet 
and  a  profoundly  religious  man,  who  is  really  and  entirely 
undaunted  by  the  discoveries  of  Science,  past,  present,  or 
prospective.  In  his  case  Poetry,  with  the  joy  of  a  bac- 
chanal, takes  her  graver  brother  Science  by  the  band,  and 
cheers  him  with  immortal  kugbter.  By  Emerson  scientific 
conceptions  are  continually  trausmufed  into  the  finer 
forms  aud  warmer  hues  of  an  ideal  world.  Our  present 
theme  is  touched  upon  in  the  lines — 

The  journoying  atomB.  primonlinl  wholes 
Firmly  draw,  flmily  drive  hy  thiir  nnimnte  poles. 

As  regards  veracity  and  insight  thefe  few  words  outweigh, 
in  my  estimation,  all  the  formal  learning  expended  by 
Mr.  Martineau  in  tliese  disquisitions  on  Force,  in  which 
he  treats  the  physicist  as  a  conjuror,  and  speaks  so  wittily 
of  atomic  polarity.  lu  fact,  without  this  notion  of  polarity 
— this  '  drawing  '  and  '  driving ' — this  attraction  and  re- 
pulsion, we  stand  as  stupidly  dumb  before  the  phenomena 
of  Crystallisation  as  a  Bushman  before  the  phenomena  of 
the  Solar  System.     The  genesis  and  growth  of  tke  ■ao\iaw 
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I  have  endeavoured  to  make  clear  in  my  third  Lecture  on 
Light,  and  in  the  article  '  Crystiils  and  Molecular  Force' 
published  in  this  volume. 

Our  further  coiu^e  is  here  foreshadowed.     A  Sunila] 
or  two  ago  I  stood  under  an  oak  planted  by  Sir  Jol 
Moore,  the  hero  of  Corunna.     On  the  ground  near  thetn 
little  oaklets  were  successfully  fighting  for  life  with  the 
siirroinidiug  vegetation.     The  acorns  had  dropped  intotba 
friendly  soil,  and  this  was  the  result  of  their  interactioi 
What  is  the  acorn  ?  what  the  earth  ?  and  what  the 
without  whose  heat  and  light  the  tree  could  not  become 
tree,  however  rich  the  soil,  and  however  healthy  the  seed! 
I  answer  for  myself  as  before — all  '  matter.'   And  the  hi 
and  light  which  here  play  so  potent  a  part  are  acknow- 
ledged to  be   motions  of  matter.     By  taking  sometliing 
much  lower  down  in  the  vegetable  kingdom  than  the  oak, 
we  might  approach  much  more  nearly  to  the  caae  of  crys- 
tallisation already  discussed  ;  but  this  is  not  now  neeessaiy. 

If,  instead  of  conceding  the  suflBciency  of  matter  hen, 
Mr.  Martineau  should  fly  to  the  hypothesis  of  a  vegetativB 
;.Boal,  aUthe  questions  before  asked  in  relation  to  the  snow- 
star  become  pertinent.  I  would  invite  him  to  go  over 
them  one  by  one,  and  consider  what  replies  he  will  make 
them.  He  may  retort  by  asking  me, '  Who  infused  the 
principle  of  life  into  the  tree  ? '  I  say,  in  answer,  that  oiBi 
present  question  is  not  this,  but  another — not  who 
the  tree,  but  what  is  it  ?  Is  there  anything  besii 
matter  in  the  tree  ?  If  so,  what,  and  where  ?  Mr.  Mar- 
tineau may  have  begun  by  this  time  to  discern  that  it  i« 
not  '  picturesqueness,'  but  cold  precision,  that  my  V 
Btellungs-fahigkeit  demands.  How,  I  would  ask,  is  this 
vegetative  sold  to  be  presented  to  the  mind  ?  whore  did 
flourish  before  the  tree  grew  ?  and  what  will  become  of 
when  the  tree  is  sawn  into  planks,  or  consumed  in  fire? 

Possibly  Mr.  Martineau  may  consider  the  assumptii 
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i>f  this  soul  to  be  as  untenable  and  as  useless  as  I  do.  But 
den  if  the  power  to  build  a  tree  be  conceded  to  pure 
itter,  what  an  amazing  expansion  of  our  notions  of  the 
*  potency  of  matt«r '  is  implied  in  the  concession  I  Think  of 
16  acorn,  of  the  earth,  and  of  the  solar  light  and  heat — 
"was  ever  such  necromancy  dreamt  of  as  the  production  of 
^-that  massive  trunk,  those  swayinpf  boughs  and  whispering 
^Heave«,  from  the  interaction  of  these  three  factors  ?  In  this 
^Bnteraction,  moreover,  consists  what  we  call  life.  It  will 
^be  seen  that  I  am  not  in  the  least  insensible  to  the 
wonder  of  the  tree;  nay,  I  should  not  be  surprised  if,  in 

the  presence  of  this  wonder,  I  feel  more  perplexed  and 
verwbelmed  than  iSIr.  Mariineau  himself. 
Consider  it  for  a  moment.    There  is  an  experiment, 
rat  made  by  Wheatstone,  where  the  music  of  a  piano  is 
transferred  from  its  sound-board,  tlirough    a  thin  wooden 

Lfod,  across  several  silent  rooms   in  succession,  and  poured 

Jut  at  a  distance  from  the  instrument.     The  strings  of 

le  piano  vibrate,  not  singly,  V>ut  ten  at  a  time.     Every 

tring  subdivides,  yielding  not  one  note,  but  a  dozen.    All 

these  vibrations  and   subvibrations   are  crowded  together 

^Knto  a  bit  of  deal  not  more  than  a  quarter  of  a  square  inch 
m  section.  Yet  no  note  is  lost.  Each  vibration  asserts 
its  individujil   rights  ;    and  all   are,   at  last,  shaken  forth 

Bfnto  the  air  by  a  second  sound-board,  against  which  the 
distant  end  of  the  rod  presses.  Thought  ends  in  amaze- 
ment when  it  seeks  to  realise  the  motions  of  that  rod  as 
the  music  flows  through  it.      I  turn  to  my  tree   and 

ll^pbserve  its  roots,  its  trunk,  its  branches,  and  its  leaves. 
As  the  rod  conveys  the  music,  and  yields  it  up  to  the 
distant  air,  so  does  the  trunk  convey  the  matter  and  the 

^■notion — the  shocks  and  pulses  and  other  vital  actions — 
which  eventually  emerge  in  the  lunbrageous  foliage 
of  the  tree.      I  went  some  time  ago  through  the  green- 

^Bouse   of  a    friend.      He   had  ferns    from   Ge^lou,  IW 
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branches  of  which  woifi  in  some  cases  not  much  thid 
than  an  ordinary  piu — hard,  smooth,  and   cylindrical— 
often  leafless  for  a  foot  and  more.    But  at  the  end  of  every 
one  of  them  the  unsightly  twig  unlocked  the  exuliemnt 
heaiity  hidden  within  it,  and  broke  forth  into  a  masj 
fronds,  almost  large  enough  to  fill  the  arms.  We  stand  here 
upon  a  higher  level  of  the  wonderful :  we  are  conscious  ol 
a  music  subtler  than  that  of  the  piano,  passing  unheard 
through    these  tiny    boughs,    and   issuing   in    what   Mr.! 
iSIartineau  would  opulently  call  the  '  clustered  mngnil 
ccnce'  of  the  leaves.      Does   it  lessen    ray   amazeiaent' 
to   know  that  every  cluster,  and  every  leaf — their  tbntti 
and    texture — lie,   like   the   music   in   the   rod,   in  ibi 
molecular   structure    of    these   appiirently    insignificant 
stems?    Not  so.    Mr.  Martineau  weeps  for  '  the  beauty  of 
the  flower  fading  into  a  necessity.'     I  care  not  whellier 
it  comes  to  me   through  necessity  or  through  freedom, 
my  delight  in  it  is  all  the  same.     I  see  what  he  sees  with 
a  wonder  superadded.     To   me  as  to   him — nay,  to  me 
more  than  to  him — not  even  Solomon  in  all  his  glory  was 
arrayed  like  one  of  these. 

I  have  spoken  above  as  if  the  assumption  of  a  so' 
would  save  Mr.  Martineau  from  the  inconsistency 
crediting  pure  matter  with  the  astonishing  btiilding  power 
displayed  in  crystals  and  trees.  This,  however,  would  not 
be  the  necessary  result ;  for  it  woidd  remain  to  be  proved 
that  the  soul  assumed  is  not  itself  matter.  When  a  boy 
I  learnt  from  Dr.  Watts  that  the  souls  of  conscious  brutes 
are  mere  matter.  And  the  man  who  would  claim  for 
matter  the  hiunan  soul  itself,  would  find  himself  in  very 
orthodox  companj'.  '  All  that  is  created,'  says  Fauste, 
famous  French  bishop  of  the  fifth  century, '  is  matt 
Tlje  sou!  occupies  a  place  ;  it  is  enclosed  in  a  body ;  it  quii 
the  body  at  death,  and  retiuus  to  it  at  the  resurrec 
as  in  the  case  of  Lazarus  ;  the  distinction  between  Hel 
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and  Heaven,  between  eternal  pleasures  &nd  eternal  pains, 
proves  that,  even  after  death,  souls  occupy  a  place  and  are 
corporeal.  God  only  is  incorporeal."  Tertullian,  moreover, 
was  quite  a  physicist  in  the  definiteness  of  his  conceptions 
regarding  the  soul.  'The  materiality  of  the  soul,'  he  says, 
'  is  evident  from  the  evangelists.  A  human  soul  is  there 
expressly  pictured  as  suffering  in  hell ;  it  is  placed  in  the 
middle  of  a  flame,  its  tongue  feels  a  cruel  agony,  and  it 
implores  a  drop  of  water  at  the  hands  of  a  liappier  soul. 
Wanting  materUtllty,'  adds  Tertullian,  '  all  this  'luould  be 
udthout  meaning .'  One  wonders  what  would  have  happened 
to  this  great  Christian  Father  amid  the  roaring  lions  of 
Belfast.  Could  its  excellent  press  have  shielded  him 
from  its  angry  pulpits  as  it  sheltered  me?  ' 

I  have  glanced  at  inorganic  nature — et  the  sea,  and 
the  sun,  and  the  vapour,  and  the  snowflake,  and  at 
organic  nature  as  represented  by  the  fern  and  the  oak. 
That  same  sun  which  warmed  the  water  and  liberated  the 
vapour,  exerts  a  subtler  power  on  the  nutriment  of  the 
tree.  It  takes  hold  of  matter  wholly  unfit  fur  the  pui-poses 
of  nutrition,  separates  its  nutritive  from  its  non-nutritive 
portions,  gives  the  former  to  the  vegetable,  and  carries 
the  others  away.  Planted  in  the  earth,  bathed  by  the  air, 
and  tended  by  the  sun,  the  tree  is  traversed  by  its  sap,  the 
cells  are  formed,  the  woody  tibre  is  spun,  and  the  whole 
IS  woven  to  a  textm'e  wonderful  even  to  the  naked  eye,  but 
a  million-fold  more  so  to  microscopic  vision.     Does  con- 

'  The  foregoing  extrarto,  irhichH.  Alglnrencentlybronghtto  light  for 
the  benc6t  of  tlio  Bishop  of  OrlentiB,  are  t^ikcn  from  the  sixth  Lecture  of  the 
'  Cours  (i'Histoiro  Modorpe '  of  thnt  most  ortboiiox  of  sliittsmoD,  M.  Quizot. 
'  I  could  mnltiply,'  oontinues  M.  Gaizot, '  thpso  ettJitionH  to  infinity,  ami  they 
prove  that  in  the  fir^t  centuries  of  our  era  the  muteriality  of  the  soul  wsa 
■n  opinion  not  only  permitloil,  Imt  dominant.'  Dr.  Moriarty,  and  the 
synod  which  he  recently  addressed,  obviously  forget  their  own  antecedents. 
Their  boasted  succession  from  the  ojirly  Church  renders  them  the  direct 
ofl&pring  of  a  '  miitorialism '  more  '  brutal '  than  any  ever  enunciated 
by  me. 
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sciousness  mix  in  any  way  with  these  processes  ?     Xo  man 
can  tell.  Our  only  ground  for  a  negative  conclusion  is  the 
absence    of   those   outward   manifestations     from   which 
tieeling  is    usually  inferred.     But    even    these   are  not 
entirely  absent.     In  the  greenhouses  of  Kew  we  mav 
that  a  leaf  can  close,  in  response  to  a  proper  stimul'. 
promptly  as  the  himian  fingers  themselves ;  and  while 
there  Dr.  Hooker  will  tell  us  of  the  wondrous  fly-catching 
and  fly-devouring  power  of  the  Diona>a.      No  man  can,, 
say  that  the  feelings  of  the  animal  are  not  represented  1 
a  drowsier  consciousness  in  the  vegetable  world.     Ati 
events,  no  line  has  ever  been  drawn  between  the  conscion 
and  the  unconscious;  for  the  vegetable  shades  into  tb 
animal  by  such  fine  gradations,  that  it  is  impossible  tusa/^ 
where  the  one  ends  and  the  other  begins. 

In  all  such  enquiries  we  are  necessarily  limited  by  oar_ 
own  powers :  we  observe  what  our  senses,  armed  with 
aids  furnished  by  Science,  enable  us  to  observe ;  nothing" 
more.  The  e\-idence8  as  to  consciousness  in  the  vegetaUe 
world  depend  wholly  upon  our  capacity  to  observe  and  weigh 
thenx.  Alter  the  capacity,  and  the  evidence  would  alter 
too.  Would  that  which  to  us  is  a  total  absence  of  anj 
manifestation  of  consciousness  be  the  same  to  a  being  with 
our  capacities  indefinitely  multiplied?  To  such  a  beiug 
I  can  imagine  not  only  the  vegetable,  but  the  mineral 
world,  responsive  to  the  proper  irritants,  the  response 
differing  only  in  degree  from  those  exaggerated  manifesto* 
tions,  which,  in  virtue  of  their  grossness,  appeal  to  our 
weak  powers  of  observation. 

Our  conclusions,  however,  must  be  based,  not  on 
powers  that  we  can  imagine,  but  upon  those  that  we  possess. 
What  do  they  reveal  ?  As  the  earth  and  atmosphere  offeij 
themselves  as  the  nutriment  of  the  vegetable  world,  i 
does  the  latter,  which  contains  no  constituent  not  fous 
in  iuorganic  nature,  offer  itself  to    the  animal    worli 
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Alixed  with  certain  inorganic  substances — water,  for 
example — the  vegetable  constitutes,  in  the  long  run,  the 
sole  sustenance  of  the  animal.  Animals  may  be  divided 
into  two  classes,  the  first  of  which  can  utilise  the  vegetable 
world  immediately,  having  chemical  forces  strong  enough 
to  cope  with  its  most  refractory  parts ;  the  second  class 
use  the  vegetable  world  mediately ;  that  is  to  say,  after  its 
finer  portions  have  been  extracted  and  stored  up  by  the 
firsts  But  in  neither  class  have  we  an  atom  newly  created. 
The  animal  world  is,  so  to  say,  a  distillation  through  the 
vegetable  world  from  inorganic  nature. 

From  this  point  of  view  all  three  worlds  would  consti- 
tute a  unity,  in  which  I  picture  life  as  immanent  every- 
where. Nor  am  I  anxious  to  shut  out  the  idea  that  the  life 
here  sfwken  of,  may  be  but  a  subordinate  part'  and  function 
of  a  Higher  Life,  as  the  living,  moving  blood  is  subordi- 
nate to  the  living  man.  I  resist  no  such  idea  as  lung  as 
it  is  not  dogmatically  imposed.  Left  for  the  human  mind 
freely  to  operate  upon,  the  idea  has  ethical  vitality  ;  but, 
stiffened  into  a  dogma,  the  inner  force  disappears,  and  the 
outward  yoke  of  a  usiu-ping  hierarchy  takes  its  place. 

The  problem  before  us  is,  at  all  events,  capable  of 
definite  statement.  We  have  on  the  one  hand  strong 
gprounds  for  concluding  that  the  earth  was  once  a  molten 
mass.  We  now  find  it  not  only  swathed  by  an  atmo- 
sphere, and  covered  by  a  sea,  but  also  crowded  with  living 
things.  The  question  is,  How  were  they  introduced  ? 
Certainty  may  be  as  unattainable  here  as  Bishop  Butler 
held  it  to  be  in  matters  of  religion  ;  hut  in  the  contempla- 
tion of  proViabilities  the  thoughtful  mind  is  forced  to  take  a 
side.  The  conclusion  of  Science,  which  recognises  unbroken 
causal  connection  between  the  past  and  the  present,  would 
undoubtedly  be  that,  the  molten  earth  contained  within 
it  elements  of  life,  which  grouped  themselves  into  their 
present  forms  as  the  planet  cooled.    The  difficulty  and  ce- 
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luctance  encountered  by  this  conception,  arise  solely  from 
the  fact  that  the  theologic  conception  obtained  a  prior 
footing  in  the  human  mind.  Did  the  latter  depend  upon 
reasoning  alone,  it  could  not  hold  its  ground  for  an  hour 
against  its  rival.  But  it  is  warmed  into  life  and  strength 
by  associated  hopes,  fears,  and  expectations — and  not 
only  by  these,  which  are  more  or  less  mean,  but  by  that 
loftiness  of  thought  and  feeling  which  lifts  its  posseaur 
above  the  atmosphere  of  self,  and  which  the  theol 
idea,  in  its  nobler  forms,  has  through  ages  engende: 
in  noble  minds. 

Were  not  man's  origin  implicated,  we  should  acce 
without  a  murmur  the  derivation  of  animal  and  vegetable 
life  from  what  we  call  inorganic  nature.  The  conclu> 
sion  of  pure  intellect  points  this  way  and  no  other.  But 
this  purity  is  troubled  by  our  interests  in  this  life,  and  bj 
our  hopes  and  fears  regarding  the  life  to  come.  Reaaon 
is  traversed  by  the  emotions,  anger  rising  in  the  weaker 
heads  to  the  height  of  suggesting  that  the  compendious 
shooting  of  the  enquirer  would  be  an  act  agreeable  to  God 
and  serviceable  to  man.  But  this  foolishness  is  more  than 
iieutrnlised  by  the  sympathy  of  the  wise  ;  and  in  England 
at  least,  so  long  as  the  courtesy  which  befit*  an  earnest 
theme  is  adhered  to,  such  sympathy  is  ever  ready  for  an 
honest  man.  None  of  lis  here  need  shrink  from  saying 
all  that  he  has  a  right  to  say.  We  ought,  however,  to  re- 
member that  it  is  not  only  a  liand  of  Jesuits,  weaving  their 
schemes  of  intellectual  slavery,  under  the  innocent  guise  of 
'  education,'  that  we  are  opposing.  Our  foes  are  to  somt 
extent  they  of  oiu-  own  household,  including  not  only  the 
ignorant  and  the  passionate,  but  a  minority  of  minds  of 
high  caliliro  and  culture,  lovers  of  freedom,  moreover,  wl 
though  its  objective  liull  Imj  riddled  by  logic,  still  tind 
ethic  life  of  their  religion  unimpaired.  But  while  such 
siderations  ought  to  influence  the  form  of  our  argumi 
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,d  prevent  it  from  ever  slipping  out  of  the  region  of 
courtesy  into  that  uf  scora  or  abuse,  its  fruhetance,  I  think, 
^^ught  to  be  maintained  and  presented  in  unmitigated 
^■rength. 

^B     In  the  year  1855  the  chair  of  philoanphy  in  the  Uni- 

^^rsity  of  ^lunich  happened  to  be  filled  by  a  Catholic  priest 

I    of  great  critical   penetration,   great  learning,  and  great 

^■Diirage,  wlio  bore  the  briuit  of  battle  long  before  D61- 

^^nger.     His  Jesuit  colleagues,  lie  knew,  inculcated  the 

belief  that  every  human  soul  is  sent  into  the  world  from 

God  by  a  separate  and  supernatural  act  of  creation.     In  a 

work  entitled  'The  Origin  of  the  Human  Soul,'  Professor 

Frohschammer,  the  philosopiier  here  alluded  to,  was  hardy 

enough  to  question  this  doctrine,  and  to  afBrm  tliat  man, 

body  and  soul,  comes  from  his  parents,  the  act  of  creation 

being,  tlierefore,  mediate  and  secondary  only.     The  Jesuits 

elr«>p  a  sharp  look  out  on  all  temerities  of  this  kind,  and 
ir  organ,  the  '  Civilta  Cattolica,'  immediately  pounced 
n  Frohschammer.  His  book  was  branded  as '  pestilent,' 
placed  in  the  Index,  and  stamped  with  the  condemna- 
tion of  the  Church.' 

It  will  be  seen  in  the  '  Apology  for  the  Belfast  Address ' 
how  simply  and  beautifully  the  great  Jesuit  Porrone  causes 
the  Almighty  to  play  with  the  sun  and  planets,  desiring 
this  one  to  stop,  and  another  to  move,  according  to  His 
'  pleasure.  To  Perrone's  Vorstellung  God  is  obviously  a 
large  Individual  who  holds  the  leading-strings  of  the 
Universe,  and  orders  its  steps  from  a  position  outside  it 
Nor  does  the  notion  now  under  consideration  err  on  the 


w. 


*  King  Maximilian  U.  brmiRht  Liclig  toMuaich.hehclpL'd  Hi'lmboltzin 
hid  Bsearcbes.  and  lovmi  to  liberate  and  foBter  Bcience.  Hut  throuffb  his 
liberal  concession  of  power  to  the  Josnils  in  the  dchools,  ho  diil  far  more 
damage  lo  the  intelloctudl  freedom  of  hie  country  than  his  snperstitious  pre- 
mnrf-  nr  Ludwii»  I.  Priding  liimsi'lf  on  being  a  Germnn  prince,  Ludwig 
PiwiM  not  tolente  the  interference  of  the  Komuo  party  with  the  political 
affiiin  of  B-iraria. 
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score  of  indefiniteness.  According  to  it,  the  Power  whoi 
Goethe  does  not  dare  to  name,  and  whom  Gas»«?ndi  ani 
Clerk  Maxwell  present  to  us  under  the  guiise  of  a  '  Mani 
facturer'  of  atoms,  turns  out  annually,  for  England 
Wales  alone,  a  quarter  of  a  million  of  new  gouU.  Takei 
in  connection  with  the  dictum  of  Mr.  Carlyle,  that  thi 
annual  increment  to  oiu:  popidation  are  'mostly  fools,'  but 
little  protit  to  the  human  heart  seems  derivable  from  tliis 
mode  of  regarding  the  Divine  operations. 

But  if  the  Jesuit  notion  l)€  rejected,  what  are  we 
accept  ?     Physiologists  say  that  eveiy  human  being  coini 
from  an  egg,  not  more  than  the  -f  ^^th  of  an  inch  in  diamei 
Is  this  egg  matter  ?  I  hold  it  to  be  so,  as  much  as  tlie 
of  a  fern  or  of  an  oak.  Nine  months  go  to  the  making  ot  it 
into  a  man.     Are  the  additions  made  during  this  period  of 
gestation  drawn  from  matter  ?    I  think  so  imdoubtedly.  If 
there  Ite  anything  besides  matter  in  the  egg,  or  in  the  in* 
fant  subsequently  slumbering  in  the  womb,  what  is  it  ?  The 
questions  already  asked  with  reference  to  the  stars  of  snow 
may  be  here  repeated.     Mr.  Martineau  will  complain  tliat 
I  am  disenchanting  the  babe  of  its  wonder ;  but  is  this  tlie 
case  ?     I  figure  it  growing  in  the  womb,  woven  by  a  some- 
thing not  itself,  witJiout  conscious  participation  on  the 
part  of  either  father  or  mother,  and   appearing  in  due 
time,  a  living  miracle,  with  all  its  organs  and  all  theii 
implications.      Consider  the  work   accomplished   during 
these  nine  montlis  in  forming  the  eye  alone — with  its  lens, 
and  its  humours,  aud  its  miraculous  retina  behind.     Con- 
sider the  ear  with   its   tympanum,  cochlea,  and   Corti'» 
organ— an    instrument  of  three  thousand   strings,    built 
adjacent   to    the    brain,    and   employed    by   it    to    sitl 
separate,  and   interpret,  antecedent  to  all  consciuusu 
the  sonorous  tremors  of  the  external  world.     All  this 
been   accomplished,    not    only    without    man's    coutri' 


ance,  but  without  his  knowledge,  the  becret  of  his  own 
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"rgBnisatioB'  Tiaving  Ix-en  witlilield  from  lum  since  hisi 
birth  in  the  immeasiuable  past,  until  the  other  day. 
Matter  I  define  as  that  mysterioua  thing  by  which  all 
tliis  is  accomplished.  How  it  came  to  have  this  power 
is  a  question  on  which  I  never  ventured  an  opinion.  If, 
then,  flatter  starts  as  'a  beggar,'  it  is,  in  my  view, 
because  the  Jacobs  of  theology  have  deprived  it  of  its 
birthright.  Mr.  Martineau  need  fear  no  disenchantment. 
Theories  of  evolution  go  but  a  short  way  towards  the 
explanation  of  this  mystery ;  while,  in  its  presence,  the 
notion  of  an  atomic  Mauufactiuer  and  Artificer  of  souls 
raises  the  doubt,  whether  those  who  entertain  it  were  ever 
really  penetrated  by  the  solemnity  of  the  problem  for 
which  they  olTer  sucli  a  solution. 

There  are  men,  and  they  include  amongst  them  some 
[of  the  best  of  the  race  of  men,  upon  whose  minds  this 
,  mystery  falls  without  producing  either  warmth  or  colour. 
I  The  '  dry  tight '  of  the  intellect  suffices  for  them,  and 
they  live  their  noble  lives  untouched  by  a  desire  to  give 
I  the  mystery  shape  or  expression.     There  are,  on  the  other 
'  hand,  men  whose  minds  are  warmed  and  coloured  by  its 
presence,  and  who,  under  its  stimulus,  attain  to  moral 
heights  which  have  never  been   overtoppetl.      Diti'erent 
■piritual  climates  are  necessary  for  the  healthy  existence 
'of  these  two  classes  of  men  ;  and  dift'erent  climates  must 
,  be   accorded  them.     The  history  of  hvmianity,  however, 
roves  the  experience  of  the  t>econd  class  to  illustrate  the 
lost  pervading  need.     The  world  will  have  religion  ot 
jme  kind,  even  though  it  should  Hy  for  it  to  the  intel- 
lectual whoredom  of '  spiritualism.'   What  is  really  wanted 
is  the  lifting  power  of  an  ideal  element  in  human  life. 
But  the  free  play  of  this  power  must  be  preceded  by  its 
release  from  the  torn  swaddling  bands  of  the  past,  and 
from  the  practical  materialism  of  the  present.     It  is  now 
in  danger  of  being  strangled  by  the  one,  or  stupefied  by 
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the  other.  I  look,  however,  forward  to  a  time  when  the 
strength,  insight,  and  elevation  which  now  visit  ua  in 
mere  hints  and  glimpses  during  moments  'of  dearueas 
and  vigour,'  shall  be  the  stable  and  permanent  poseession 
of  purer  and  mightier  minds  than  ours — ^purer  auii 
mightier,  partly  because  of  their  deeper  knowledge  of 
matter  and  their  -  ...  -  .    onformity  to  its  laws. 


Joan  Tthoall. 
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THE  aspects  of  nature  are  more  varied  ami  impressive  in 
Alpine  regions  than  elsewhere.  The  mountains  in 
their  setting  of  deep  hliie  sky  ;  the  glow  of  firmiimeut  and 
peaks  at  sunrise  and  sunset ;  the  formation  and  distribu- 
tion of  clouds ;  the  descent  of  rain,  hail,  and  snow ;  the 
stealthy  slide  of  glaciers  and  the  rush  of  avalanches  and 
rivers ;  the  fiuy  of  storms  ;  thunder  and  lightning,  with 
their  occasional  accompaniment  of  blazing  woods ; — all 
these  things  tend  to  excite  the  feelings  and  to  bewilder 
the  mind.  In  this  entanglement  of  phenomena  it  seems 
hopeless  to  seek  for  law  or  orderly  connection.  And  before 
the  thought  of  law  dawned  upon  the  human  mdnd,  men 
naturally  referred  these  inexplicable  effects  to  personal 
agency.  In  the  fall  of  a  cataract  the  savage  saw  the  leap 
of  a  spirit,  and  the  echoed  thunder-peal  was  to  him  the 
hammer-clang  of  an  exasperated  god.  Propitiation  of 
these  terrible  powers  was  the  conseqtience,  and  sacrifice 
was  (ifiFered  to  the  demons  of  earth  and  air. 

But  observation  tends  to  chasten  the  emotions  and  to 
check  those  structural  efforts  of  the  intellect  wliich  have 
emotion  for  their  base.  One  by  one  natural  phenomena 
have  been  associated  with  their  proximate  causes ;  and 
the  idea  of  direct  personal  volition  mixing  itself  with  the 
economy  of  nature  is  retreating  more  and  more.  Many 
of  us  fear  this  tendency.     Oui"  faith  and  ieeVmga  axe  ^e.as 
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to  us,  and  ve  look  with  suspicion  and  dislike  od 
pliilosopliy,  thp  apparent  tendency  of  which  is  to  dry  ufl 
the  Botil.  Probably  every  change  from  ancient  eav 
to  our  present  enlightenment  has  excited,  in  a  greater 
less  degree,  a  fear  of  tliis  kind.  But  the  fact  is,  that 
liave  not  yet  determined  whether  it,«  present  form 
necessary  to  the  life  and  warmth  of  religious  feeling.  M'd 
may  err  in  linking  the  imperihhable  with  the  transitor 
and  confound  the  living  plant  with  the  decaying  pole  td 
which  it  clings.  My  object,  however,  at  present  ii  do 
to  argue,  but  to  mark  a  tendency.  We  have  ceased 
propitiate  the  powers  of  nature — ceased  even  to  prayfal 
tilings  in  manifest  contradiction  to  natural  laws.  Id 
Protestant  couutries,  at  least,  I  think  it  is  conceded  that 
the  age  of  miracles  is  past. 

At  the  auberge  near  the  foot  of  the  Rhone  glacie 
I  met,  in  the  summer  of  1 858,  au  athletic  young  prie 
who,  after  a  solid  breakfast,  including  a  bottle  of  win 
informed  me  tliat  be  liad  come  up  to  '  bless  the  mountains.* 
This  was  the  annual  custom  of  the  place.     Yejir  l)y  yearj 
the  Highest  was  entreated,  by  official  intorcessors,  to 
such   raetenrological   arrangements  as  shoidd   ensiu*  fa 
and  slieltor  for  the  flocks  and  herds  of  the  Valaisians. 
diversion  of  the  Rhone,  or  a  deepening  of  the  river's ' 
would,  at  the  time  I  now  mention,  have  been  of  incalculab 
benefit  to  the  inhabitants  of  the  valley.     But  the  prie 
would  have  shrunk  from  the  idea  of  asking  the  On 
potent  to  open  a  new  channel  for  the  river,  or  to  cause  1 
portion  of  it  to  flow  over  the  Grimsel  pass,  and  down  th 
vale  of  Oberhasli  to  Brientz.     This  he  would  have  deeme 
a  miracle,  and  he  did  not  come  to  ask  the  Creator 
perform  miracles,  but  to  do  something  which  he  manifeiitlj 
thought  lay  quite  within  the  bounds  of  the  natural  and 
non-miraculous,     A  Protestant  gentleman  who  was  pre 
at  the  time  smiled  at  this  recital.     Ue  had  no  faith 
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^e  priest's  blessing;  still,  he  deemed  his  prayer  different 
kind  from  a  request  to  open  a  new  river-cut,  or  to  cause 
ke  water  to  flow  up-hill. 

In  a  similar  manner  self-satisfied   Protestants  smile 

the  honest  Tyrolese  priest,  who,  when  he  feared  the 

ting  of  a  glacier  dam,  offered  the  sacrifice  of  the  Mass 

jn  the  ice  as  a  means  of  averting  the  calamity.     That 

jor  man  did  not  expect  to  convert  the  ice  into  adamant, 

'  to  strengthen  its  texture,  so  as  to  enable  it  to  witlistand 

je  pressure  of  the  water ;  nor  did  he  expect  that  his 

crifice  would  cause  the  stream  to  roll  back   iipon  its 

Dorce  and  relieve  him,  liy  a  miracle,  of  its  presence.     But 

Byond  the  boundaries  of  his  knowledge  lay  a  region  where 

lin  was  generated,  he    knew  not  liow.     He  was  not  so 

presumptuous  as  to  expect  a  miracle,  but  he  firmly  believed 

that  in  yonder  cloud-land  matters  could  be  so  arranged, 

jfithout  trespass  on  tlie  miraculoiL«,  that  the  stream  which 

^^Bireatened  him  and  his  flock  should  be  caused  to  shrink 

within  its  proper  bounds. 
^  Both  these  priests  fashioned  that  which  tiiey  did  not 
Hknderstand  to  their  respective  wants  and  wishes.  In  their 
case  imagination  came  into  play,  unconditioned  by  a  know- 
ledge of  laws.  A  similar  stfite  of  mind  was  long  prevalent 
among  mechanicians.  iSIany  of  these,  and  some  of  them 
extremely  skilful  ones,  were  occupied  a  century  ago  with 
the  (juestion  of  pei'petual  motion.  They  aimed  at  con- 
structing a  machine  which  sliould  execute  work  without 
the  expenditure  of  power ;  and  some  of  them  went  mad 
in  the  pursuit  of  this  object.  The  faith  in  such  a  con- 
summation, involving,  as  it  did,  immense  personal  protit 
to  the  inventor,  was  extremely  exciting,  and  every  attempt 
to  destroy  this  faitli  was  met  by  bitter  resentment  on  the 
part  of  those  who  held  it.  Gradually,  however,  as  men 
became  more  and  more  acquainted  with  the  true  functions 
of  machinery,  the  dream  dissolved.     The  hope  of  gettvw% 
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work  out  of  mere  mechanical  combinations  disappeared: 
but  still  there,  remained  for  the  speculator  a  cloud-bnJ 
denser  than  that  which  fiUed  the  imagination  of  the 
Tyrolese  priest,  out  of  wliich  he  still  hoped  to  evolve  per- 
petual motion.  There  was  the  mystic  store  of  chemic 
force,  which  nobody  imderstood;  there  were  heat  and 
light,  electricity  and  magnetism,  all  competent  to  produce 
mechanical  motions.'  Here,  then,  is  the  mine  in  which 
we  must  seek  our  gem.  A  modified  and  more  refined 
form  of  the  ancient  faith  revived ;  and,  for  aught  I  know, 
a  remnant  of  sanguine  designers  may  at  the  present 
moment  be  engaged  on  the  problem  wliich  like-minded 
men  in  former  ages  left  imsolved. 

And  why  should  a  perpetual  motion,  even  under 
modern  conditions,  be  impossible  ?  The  answer  to  this 
question  is  the  statement  of  that  great  generalisation  of 
modern  science,  wliich  is  known  under  the  name  of  the 
Conservation  of  Energy.  This  principle  asserts  that  no 
power  can  make  its  appearance  in  nature  mthout  an 
equivalent  expenditure  of  some  other  power ;  that  natural 
agents  are  so  related  to  each  other  as  to  be  mutually  con- 
vertible, but  that  no  new  agency  is  created.  Light  runs 
into  heat ;  heat  into  electricity;  electricity  into  magnetism ; 
magfnetism  into  mechanical  force ;  and  mechanical  force 
agJiin  into  light  and  heat.  The  Proteus  changes,  but  he 
is  ever  the  same ;  and  liis  changes  in  nature,  supposing 
no  miracle  to  supervene,  are  the  expression,  not  of  spon- 
taneity, but  of  physical  necessity.  .\  perpetual  motion, 
then,  is  deemed  impossible,  because  it  demands  the  creation 
of  force,  whereas  the  principle  of  Conservation  is — no 
creation,  but  infinite  conversion. 

It  is  an  old  remark  that  the  law  which  moulds  a  tear 
aL'O  rounds  a  planet.     In  the  application  of  law  in  nature 

>  See  Hulmliolu— '  Weduolwirkung  der  Nstarkrafta.' 
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I  the  terms  great  and  small  are  unknown.     Thus  the  prin- 

'  ciple  referred  to  teaclies  us  that  tlie  Italian  wind,  ;,'liding 

over  the  crest  of  the  Matterhom,  is  as  tirmly  ruled  as  the 

eartb  in  its  orbital  revolution  round  the  sun ;  and  that 

I  the  fall  of  its  vapour  into  clouds  is  exactly  as  much  a 

I  matter  of  necessity  as  the  return  of  the  seai-ons.     The 

I  dispersion,  therefore,  of  the  slightest  mist  by  the  special 

volition  of  the  Eternal,  would  be  as  much  a  miracle  as 

the  rolling  of  the  Rhone  over  the  Grimsil  precipices,  down 

,  the  valley  of  Hasli  to  Meyringen  and  Brieutz. 

I  It  seems  to  me  quite  beyond  the  present  power  of 

Bcience  to  demonstrate  that  tlie  Tyrolese  priest,  or  his 

colleague  of  the  Rhone  valley,  asked  for  an  '  impossibility ' 

in  praying  for  good  weather  ;  but  Science  can  demonstrate 

the   incompleteness  of  the  knowledge   of  nature  which 

limited  their  prayers  to  this  narrow  grormd  ;  and  slic  may 

lessen  the  numl>er  of  iustaoces  in  which  we  '  nsk  amiss,' 

"by  showing  that  we  sometimes  pray  for  the  performance 

of  a  miracle  when  we  do  not  intend  it.     She  does  assert, 

for  example,  that  without  a  disturbance  of  natural  law, 

i  quite  as  serious  as  the  stoppage  of  an  eclipse,   or  the 

Milling  of  the  St.  Lawrence  up  the  Falls  of  Niagara,  no 

r^ct  of  humiliation,  individual  or  national,  could  call  one 

shower  from  lieaven,  or  deflect  towards  us  a  single  beam 

of  the  sun. 

Those,  therefore,  who  believe  that  the  miraculous  is 
still  active  in  nature,  may,  with  perfect  consistency,  join 
in  our  periodic  prayers  for  fair  weather  and  for  rain  :  while 
those  who  hold  that  the  age  of  miracles  is  past,  will,  if 
they  be  consistent,  refuse  to  join  in  such  petitions.  And 
if  these  latter  wisli  to  fall  back  upon  such  a  justification, 
they  may  fairly  lu-ge  that  the  latest  conclusions  of  science 
are  in  perfect  accordance  with  the  doctrine  of  the  Master 
himself,  which  manifestly  was  that  the  distribution  of 
natural  phenomena  is  not  aflfected  by  moral  or  religious 


; — «uiai  laws  are  h 

inan8vohho„,a„dnoeoncU« 

It  i-s  a  wholesome  .ig^  f  J 
among  her  clergy  ^,„  ^J^^J 

and  courageous  enough  to  r.r 
n.en  do  service  to  puS-J:;:^ 

temporary  one    t"!,'^^  «  -I 
wHe-.oughJtl::-^ 

and  die  mor"  unv  l^-^'"^'  '^^ 
»fety.     There  ar/"''"^''^" 

pMiosoph.e,pj-r:;Tr;!;5 

to  restrain  it.  k,,*  ,„         f"  "fe'f 
"'  out  m  real  tv  .rivin 
we  want  an  illi,<,f„»-         ■  " 

'»Q  'lustration  of  this  i 

Twh",  rT"  '°  England,  t^ 
to  which  IhaveaUuded,  scope  isgj 
for  changes  of  aagre«^..nn.„.^ 


REFLECTION'S   OX    PRATER   AXD   NATURAL   LAVT.      363 


Pbatkrs  against  the  Cholera. 


t 

^pre  prompted  by  the  obloquy  incurred  by  certain  minis- 
'ters  of  the  Church  of  Englaml,  through  their  refusal  to 
join  in  an  act  of  humiliation  wi(h  reference  to  a  bud 
harvest.'  Three  years  after  their  publication  we  were 
threatened  by  cholera  and  invaded  by  the  cattle  plague. 
On  October  5,  1865,  'au  order  in  Council  commanding  a 
Bp»ecial  form  of  prayer  for  the  removal  of  the  cattle  plague, 
and  the  preservation  of  the  country  from  cholera,'  was 
issued,  and  on  October   9,    the  following  article  on  the 

Iject  appeared  in  the  '  Pall  Mall  Gazette  ' : — 
It  would  be  affectation  to  disgtiise  the  fact  that  very 
tnany  of  the  more  educated  English  laity  look  with  small 
Favour  on  the  proposal  that  we  should  all  pray,  as  a  nation, 
For  the  warding  off  of  the  cholera  and  the  removal  of  the 
cattle  plague.  It  is  not  that  they  are  insensible  to  the  claims 
of  religion,  or  tiiat  they  regard  the  physical  iraiverse  as  a 
self-acting  machine  which  has  gone  on  with  its  unconscious 
life  from  all  eternity,  or  that  they  object  to  praying  alto- 
gether. Perhaps  there  never  was  a  time  when  a  sincere 
recognition  of  the  force  of  religious  obligation  was  as 
general  among  men  of  learning  and  profound  thought  as 
it  is  at  the  present  moment.  Godlessness  is  not  the  cha- 
racteristic of  our  time.  Its  characteristic  is  an  ever-in- 
sreasing  conviction  of  the  uniformity  of  the  operations  of 
lU  physical  law,  not  as  a  self-existent  necessity,  but  as  a 
result  of  the  fiat  of  the  Eternal  Mind.  As  a  consequence 
3f  this  supremacy  of  unchanging  law  it  is  held  that  it  is 
1  transparent  absurdity  to  imagine  that  on  the  petition  of 
iny  man  or  any  nimiber  of  men  the  operations  of  natiural 
law  will  be  suspended.     To  ask  of  the  Almiglity  God  that 


'  On  such  notions  leo  quotiition  from  Whevell,  page  470. 


■  Uie  ooone  of  tte  fbafcto,  or  cause  water 
» would  be  more  ■******■£  ^  ^^  preeumptuoi 
it  would  not  be  more  nreleni  or  philosoj 
t  cKtniTagant,  than  this  act  of  national  snpplicv 
tMi  «»  vUeh  «e  are  now  invited.  Tbe  tratii  or  error  of 
kfemviev  k  not  a  fit  sabject  for  treatment  in  a  newspopet. 
fl^  •  via*  tboqgh  tacit  understanding,  journalists  for  tbt 
— it  pit  ahwtain  from  handling  the  dogmu  of  Cbristianitj 
awl  of  religioo  in  general.  But  when  the  Government  of 
tk«  daj  eomes  forward  with  a  formal  proposal  tbat  we 
[  ga  oat  of  our  way  to  unite  in  a  special  relig;ious  act 
Ite  preaauie  of  a  heavy  national  calamity,  it  is  im- 
pawiblr  altogether  to  ignore  the  convictions  entertained  ' 
tf  VMT  many  of  tbe  ablest  and  most  honest  thinkers  of ' 
tfcp  day.  There  is  no  necessity,  indeed,  to  treat  the  ques- 
two  in  any  way  from  the  dogmatic  point  of  view.  If  w» 
utMure  oo  the  subject  at  all,  it  is  in  order  to  call  attenti( 

I  cHtain  phenomena  in  our  every-day  life,  which  ap] 
■  %»  faw^  a  clue  to  all  tbe  real  difficulties  of  the  subject. 
1W  Cuts  of  the  case  are  so  obvious,  and  the  reasoainj 
,  (bey  suggest  is  so  simple,  that  they  may  be  presented' 
ii  tke  diortest  space. 

Certain,  then,  as  it  is,  that  the  laws  of  the  material 
■MTWse  are  absolutely  unchangeable,  it  is  equally  certain 
ikat  they  are  susceptible  of  a  boundless  variety  of  distinct 
cgaabinations.  Wbetlier  all  organic  forms  and  all  animal 
aad  Tegetable  life  are,  or  are  not-,  tbe  results  of  the  presence 
gf  some  one  bidden  universal  material  agent,  in  operation 
iIn*  phenomena  are  tbe  same.  The  laws  of  gravity,  of 
^Ikemical  affinity,  of  electric  action,  of  heat,  and  every 
uther  force  that  is  concerned  in  carrying  forward  organic 
ofcangf  and  vegetable  and  animal  life,  produce  in  reality 
inliuite  variations  of  results,  according  to  the  conditions 
a^T  which  their  powers  are  called  into  action.  Tbese 
?*;.one  time  give  birth  to  the  cholera,  at 
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'  to  the  cattle  plague,  at  another  to  rich  harvests,  at 
►tber  to  famine.  These  combinations,  moreover,  are  not 
;  result  of  the  bountUess  varieties  of  the  action  of 
terial  forces  alone.  We  ourselves  imitate  these  fresh 
Bbinations  every  moment  that  we  live.  Human  life,  in 
J,  is  carried  on  by  means  of  a  perpetual  struggle  of  the 
□oan  will  with  the  elementary  laws  of  physical  action. 
e  actual  condition  of  the  material  world  is  totally  unlike 
at  it  would  have  been  if  man  had  never  existed  on  this 
ibe.  We  live  upon  the  forms  of  vegetable  and  animal 
i  whicli  are  created  in  harmony  with  pliysical  law,  as 
istrained  to  yield  to  our  personal  control.  The  chemical 
jdition  of  the  atmosphere  is  modified  by  every  movement 
our  lungs,  by  every  fire  we  light,  by  every  candle  we 

tout,  by  every  forest  we  plant,  by  every  field  we  drain, 
not  Urn  much  to  say  that  the  position  of  the  centre  of 
P'ty  in  the  great  globe  itself  can  be  made  to  move,  in 
,,  though  to  us  inappreciable  degree,  by  the  alterations 
work  in  the  form  of  the  earth's  surface.     The  remedies 
are  now  devising  for  the  warding  off  of  the  cholera  are 
reality  an  intervention  with  the  modes  of  operation  of 
emical,  atmospherical,  and  pathological  law.    We  cannot 
^r  these  laws  in  tiiemselves,  but  by  tlie  exercise  of  oiu" 
Us  we  can  comjM;!  them,  like  the  spirits  in  Oriental  tales 
erced  by  the  seal  of  the  mighty  Solomon,  to  yield  results 
t  deadly,  but  life-giving.     Thus,  then,  in   a  most  true 
d  real  sense,  the  great  Author  of  physical   law  permits 
,  if  we  so  please  to  call  it,  to  interfere  with  the  imiverse 
He  originally  created  it.     Or  rather  this  incessant  in- 
rference  is  the  very  condition  of  our   own  life ;    and 
lyaical  law  can  only  be  called  imchangeable  with   the 
oviso  that  it  is  to  this  extent  changeable  at  the  dictates 
the  will  of  man. 
Granting,  then,  the  belief  (which  we  are  not  called  on 
argue)  that  prayer  is  in  its  essence  a  direct  intetcowRfe 
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rational  beings  and  the  Author  of  physical  laws, 
I  appears  no  scientific  diflSculty  in  conceiving  that,  id 
wply  to  our  solicitation,  He  might  himself  institute  fresh 
oumbinations  in  their  operation  of  the  same  nature  as  those 
which  we  ourselves  undoubtedly  produce  every  hoiu-  that 
vre  live.  No  reasonable  person  will  deny  the  abstract 
possibility  of  the  same  modiScations  of  the  work  of  law, 
causeil  by  the  direct  power  of  God,  which  can  be  accom- 
plishe<l  by  us.  It  woidd,  in  tnith,  be  ridiculous  to  doubt 
it.  The  supremacy  and  imchangeableness  of  law  would  be 
in  each  case  untouched.  The  theory  of  those  who  most 
rigorously  deny  the  possibility  of  anything  wearing  the 
semblance  of  miracidous  interference  would  not  be  im- 
pugned by  a  hair's  breadth.  There  is  no  need  to  have  re- 
cotu-se  to  the  an/umentum  ad  verecundiani  of  tlie  super- 
ficially pious,  who  triiunphantly  ask  us  whether  the  Creator 
of  the  universe  cannot  alter  the  laws  that  He  himself 
made.  The  men  who  asked  Lord  Palmerston  for  a  fast  day, 
and  for  answer  were  told  to  look  to  their  drainage,  ra.iy 
learn  that  the  cleansing  of  sewers  and  the  offering  of' 
prayers,  though  two  distinct  outward  acts,  are  in  reality 
of  a  nature  essentially  the  same.  What  we  do  '  immedi- 
ately,' to  use  the  tecJmical  term,  with  oiu-  own  hands,  when 
we  disinfect  oiu'  houses  and  attend  to  our  diet,  and  make' 
experiments  in  medicine,  it  is  possible  we  may  also  d 
'mediately,' by  entreating  of  God  that  He  will  supplement 
oiur  ignorant  efforts  by  physical  means,  which  bear  th( 
same  relation  as  our  own  to  existing  laws,  being  solely^' 
diSerent  in  that  HifS  knowledge  of  His  own  laws  is  completef 
while  oiurs  is  little  more  than  a  tentative  guesswork. 

iVs  we  have  said,  in  offering  these  suggestions  we  are 
not  meddling  with  the  subject  under  its  more  dogmjitio 
aspects.     Still  less  are  we  paying  an  instant's  heed   to  th 
follies  of  the  school  that  looks  upon  these  newly  reciuring 

»of  old  diseases  as  'judgments,'  or  ^punisliuients,* 
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b  or  as  in  any  sense  differing  from  the  ordinary  organic 
^  routine  «if  animal  life  as  it  goes  on  from  day  to  day  and 
k  fix>m  age  to  age.     It  is  as  irreligious  as  it  is  unphiloso- 
phical  to  take  the  life  of  a  nation  or  of  a  man,  and  map  it 
out  into  little  sections,  and  call  one  thing  a  judgment  and 
another  a  blessing,  and  even  interpret  these  judgments  and 
blessings  as  being  specially  merited  by  our  neighbour's 
sins  or  by  our  own  virtues.     Doidjtleas  they  are  all  parts 
of  one  mighty  whole  which  we  know  to  be  harmonious 
"throughout,  but  which  we  also  know  to  be  so  partially 
*inderstood  that  it  is  absurd  to  classify  its  fragments,  and 
ticket  them  in  accordance  with  the  shallow  prejudices  of 
IJie  hour.     The  fuolishuess  of  these  half-pious  and  wholly 
iperlicial  religionists  does  not  consist  in  their  believing 
t.hat  cholera  and  cattle  plagues  arc  of  Divine  origin,  and 
bave  a  meaning  and  a  bearing  on  human  life  in  its  highest 
spects.     It  consists  in  their  impudent  pretence  of  pro- 
phetic gifts,  and  in  the  spiritual  quackery  with  which  they 
xecommend  remedies  suggested  only  by  an  imtneasurable 
self-complacency.     Further,  as   to  this  setting  apart  of  a 
special  time  for   national   supplication,  we  say  nothing 
■whatever  concerning  its  wisdom  or  prudence;  and  we  state 
Ihifi  without  the  slightest  arrtere  penaee  or  reserve.     Our 
fliim  is  solely  to  look  at  the  question  on  its  scientific  side, 
and   to  suggest  to  those  who  feel  acutely  the  difficulties 
frbicb  perhaps  they  do  not  like  to  avow,  a  certain  solution 
'which   appears  satisfactory,  even  to  the  most  tender  con- 
Kciences,  and  which  undoubtedly  rests  on  the  undeniable 
facts  of  every-day  life. 


On  the  day  after  its  publication  this  article  reached  my 
Uands,  accompanied  by  a  note  commending  it  as  a  fair 
reply  to  my  article  of  1861.  The  friend  who  sent  it  to  me 
Was  perfectly  orthodox  and  of  high  rank  among  scientific 
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men.     I  gave  it  due  consideration,  and  wrote  in  reference 
to  it  the  following  brief  letter  to  the  'Pall  Mall  Grazette':— 


* 


To  the  Editob  of  the  •  Pall  Mall  GAiifrra." 

Sir, — An  eminent  and  respected  scientific  friend  \mL 
drawn  my  attention  to  yotir  exceedingly  clever  artjA 
entitled  'Prayers  against  Cholera.'  The  position  there 
taken  is  a  strong  one  ;  for,  granting  the  entire  freedom 
of  the  human  will,  that  it,  unlike  natural  phenomena,  is 
uncontrolled  by  its  antecedents,  it  follows  that,  within 
certain  limits,  arbitrary  changes  may  be  wrought  in  the 
order  and  sequence  of  those  phenomena.  And  if  the  possi- 
bility of  such  changes,  even  in  the  smallest  particular,  be 
conceded,  the  abstract  possibility,  or  in  other  words  the 
conceicabllity,  of  u  change  upon  a  grand  scale  follows  as 
a  matter  of  course.  Hence  (you  would  argue)  the  petition- 
ing of  the  Almighty  against  cholera  or  cattle  plague  i« 
rescued  from  the  charge  of  necessary  absurdity. 

But  you  will,  I  think,  admit  that  the  value  of  this 
argument  is  not  bounded  by  the  limits   of  nineteenth 
century  Christendom  ;  that  it  would  apply  equally  well 
to  the  beliefs  of  ancient  heathens  and  modern  savages, 
who  saw  and  see  in  almost  every  change  of  the  aspects  of 
nature  the  hand  of  an  arbitrary  Deity.    It  justifies  equally 
the  mildest  and  the  most  extravagant  belief  in  spontaneous 
interference.     Who,  indeed,  in  such  a  case,  is  to  draw  the 
line  l>etween  mildness  and  extravagance?  Once  upon  a  time 
we  pi'ayed  against  the  ravages  of  small-pox — with  what 
effect?     You  may  answer  (and  rightly  jmswer)  that  you 
do  not  know.     But  you  will,  at  all  events,  admit  that  the 
prayer,   as   a  preventive   or  remedial  agent,   proved  no 
match  for  vaccination.     Would  the  suppliant  voice  of  a 
whole  nation  have   atoned   for  the   bad  engineering,  or 
caused  a  suspension  of  the  laws  of  hydraulic  pressure,  in 
the  case '^*'  *^"   Bradfield  reservoir?     I  think  not, 
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^reat  majority  of  sane  persons  at  tlie  present  day  believe 
in  the  necessary  character  of  natui-al  laws,  and  it  is  only 
■where  the  antecedents  of  a  c;il;iinity  are  vague  or  disguised 
that  they  think  of  resorting  to  prayer  to  avert  it.  Such 
unhappily  is  the  case  with  tlie  cliolera  and  the  cattle 
plague.  WitJi  regard  to  them  we  are  in  a  state  of  dark- 
ness similar  to  that  of  the  ancient  pagan  world  with  re- 
Htrcl  to  natural  phenomena  generally,  and  hence  the  dis- 
^nitiou  to  resort  to  jijigau  methods  of  meeting  these 
scoiu-ges. 

John  Ttndall. 

CMoier  U.  1865. 


On  Octol)er  1 7  the  argument  was  resumed  in  a  second 
article  hj  the  'Pall  Mall  Gazette': — 


On  Phater  and  thk  Ciiolera. 

We  are  tempted  by  Professor  Tyndall's  letter,  which 
published  on  Thursday,  to  return  to  the  subject  of  the 
tide  which  he  criticises.  He  has,  we  think,  partly 
^iled  in  understJindiug  the  drift  of  our  remarks.  He 
ributee  to  us  a  belief  in  the  'entire  freedom  of  the 
in  will '  as  being  '  uncontrolled  by  its  antecedents,'  a 
f  which  we  certainly  neither  expressed  nor  intended 
discuss.  We  neither  contrasted  the  operations  of  the 
will  with  '  natural  phenomena,'  nor  did  wc  attempt  any 
definition  of  its  nature  or  powers.  We  simply  took  the 
'  human  will '  as  a  fact  in  nature,  and  pointed  out  tiie 
cbaracter  of  its  operations  in  modifying  the  combinations 
of  material  agencies.  That  the  will  itself  is  subject  to 
its  own  laws  we  do  not  for  a  moment  deny  ;  hut  that  it 
it  'controlled  by  its  antecedents,'  in  Professor  Tyndall's 
language,  we  are  very  *'»r  from  admitting.     To  vihaleseT 

B  B 


d  an  appncflt 

a  bet.    Wfaat* 

thb  fivedom,  we  an  d 

w  art  w  if  «c  aie  free.    Not, 

Onr 


kare  ao  nal 
not  do — joit  a*  tike 
bcngwhifled  immd 

are  die 


Itufimitd 

k7  the  baUti 

to  be  te 

But 
real  fieedom  of 
1  take  otber  fn- 
ttoM  ueeoon  Mk< 
oatare  btboon,  «' 
as  to  wkat  ve  vill  orvill 
of  a  loeoiBotive  einnot  bdp 
Iw  the  fime  of  ateam — the 
And  oar  as^giiiDent  &5  to 
appetated  jnym  was  baaed  oa  this  simple  pbeno- 
ia  the  esgaaie  life  of  tlw  meatal  and  mate/ill 
Joak  aa  fiir  at  a  laaa  poawati  an  immeftft, 
power  orer  the  combiaatioaa  of  material  law,  jost  aa  fer 
it  is  poaaiUs  that  he  maj  be  able  to  inflnecre  the  urtnil 
of  law  bj  the  entreaties  be  addresse^i  to  the 
AnthoritT  of  the  imirerse.  We  can  do  mocb 
oundvea ;  and  there  is  no  abt^iirditT  in  holding  that  it  is 
not  impoaaible  that  we  may  do  still  more  tbrongh  the 
ajfency  of  these  piavers. 

The  second  paragraph  of  Professor  Tyndall's  letter 
still  fhrther  suggestii  the  suspicion  that  )i(>  has  not  fuQj 
entered  into  the  view  we  put  forward.  The  theory,  he 
•ays,  would  apply  equally  well  to  the  beliefs  of  andent 
heathens  and  modem  savages,  who  saw  and  see  in  almeel 
♦very  change  of  the  aspects  of   Nature  the  hand  of 
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arbitrary  Deity  ;  and  it  justifies  equally  the  mildest  and 

the  most  extravagant  belief  in  spontaneous  interferences. 

By  what  possible  reasoning  process  are  these  inferences 

extracted  from  our  statements  ?     How    does   the   belief 

that  gome  results  may  possibly  be  effected  by  the  agency 

of  prayer  lead  to  the  conclusion  that  we  may  invariably 

expect  results  of  gigantic  magnitude  ?     What,  let  us  ask, 

are  the  results  of  all  human  action  upon  the  physical  laws 

of  the  imiverse  ?     For  one  successful  result  of  our  etforts 

are  we  not  baflBed  a  thousand    times?     It  is  said  that 

praying  is  logically  absiu-d,  because  it  is  like  shooting  an 

arrow  into  the  dark.     Nobody  knows,  and  nobody  can 

know,  whether  it  really  does  any  good.     But  is  not  the 

^■ne  to  be  said  of  almost  everything  we  attempt  ?     What 

Ks  been  the  result  of  all  our  speculations  as  to  the  cause 

and  nature  of  cholera,  and  as  to  the  remedies  to  which  it 

will  yield  ?     Nothing,  or  almost  nothing.     We  have  shot 

our  arrows  into  the  dark,  and  know  not  where  they  have 

fallen.     But    is    that    a  reason    for    discontinuing    our 

eilations  and  experiments  ?     Far  from  it.     How  mimy 
sand  years  have  doctors  been  trying  to  cure  diseases 
1  kinds  ?     And  yet,  to  this  day,  what  do  they  know, 
and  what  can  they  do  ?     Are  tliere  yet  as  many  as  luilf  a 
^ken  really  proved  '  specifics '  for  as  many  complaints  ? 
let  they  continue  their  guessings  and  experimentalisings, 
^md  wisely  continue    them.     Tlie    lieathen  and  modem 
^■Bige  knew  and  know  little  or  nothing  of  the  nature  of 
mw,  as  such  ;  but  how  does  tljat  affect  our  argimient, 

tch  is  grounded  on  the  recognition  of  the  absolute 
remacy  of  all  law?  They  held  and  hold  that  the 
UA  Mind  acts  on  caprice,  and  'spontaneously  inter- 
im the  government  of  the  world.  How  does  that 
«rror  dispose  of  a  theory  which  rests  on  the  hypothesis 

tkt  God  never  acts  on  caprice,  and  which  simply  suggests 
e  possibility  of  an  extension  of  the  laws  of  humaa  anAioa 
B  a  2 
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into  a  sphere  where  the  mind  can  penetrate,  though  tlit 
hand  and  the  eye  are  restrained  from  following'  >t  ?  •!'<« 
will  admit,'  says  Mr.  Tyndiiil,  '  that,  prajer,  its  »  prereih 
live  or  remedial  agent,  in  the  caae  of  the  gmaU-pox,  provd 
no  match  for  vaccination.'  We  reply,  that  we  new 
contrasted  them.  There  never  was  a  race  between  th* 
two.     Vaccinati  '       r  to  he  a  most  efficscioat 

preventive ;  but  (t    prove    that    prayer  Ij 

necessiirily  ino]  i-thousands  of  years  mao- 

kind  knew  nothi  I  of  vaccination.     On  Ik. 

Tyndall's  theor;  ^  might  be  alleged  that 

tte  i Ignorance  ol  red  that  no  remedy  wnJd 

possibly,  in  the  |b,  exist  at  all.     '  Would 

the  suppliant  vo.  ttion  have  atoned  for  tix 

bad  engineering,  c_  ospenBion  of  the  laws  of 

hydraulic  preasure,  in  the  case  of  the  Bradfield  reservoir f 
Undoubtedly  not.     But  how  does  that  prove  that  there 
can  be  no  possible  combinations  of  physical   laws  exwpt 
those  which   we  produce  with   oiu"  arms  and  hands  ?    A 
Red   Indian  might  witii  equal  reason  conclude  that,  be- 
cause he  could  not  make  a  watch,  therefore  no  human 
being  could  make  one.     '  The  great  majority  of  sane  per- 
sons iit   the   present  day,'    continues   Professor  Tvndail. 
^  believe  in  the  necessary  character  of  natural   laws,  and 
it  is  only  where  the  antecedents  of  a  calamity  are  vague 
or  disguised  that  they  think  of  resorting  to  prayer  to  avert 
it.'     Undeniably.     It  is  also  equally  true  that  the  great 
majority  of   sane  persons  do  not  think  of  resorting  to 
di'ainage  and  ventilation  until  the  cholera  has  shown  it^; 
but  their  folly  is  no  disproof  of  the  value  of  good  dmw 
and  fresh  air.     The  popular  neglect  of  a  remedy  does  wA 
prove  its  worthleasness ;  otherwise,  by  a  parity  of  rfasoD- 
ing,  the  popularity  of  a  quack  medicine  woiUd  prove  its 
excellence,  and  HoUoway's  PiUs  would  be  the  one  ishh 
lible  remeily  for    all   our   ills.      The    theoiy  we  Iia« 
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ttempted,  however  feebly,  to  explain,  undoubtedly  applies 
o  every  circumstance  of  human  life.  If  prayer  is  the 
applement  tfl  the  labours  of  our  hands,  and  completes 
he  organic  harmony  of  the  entire  universe,  unquestion- 
ibly  it  is  absurd  to  have  recourse  to  it  only  when  we  are 
mitten  with  a  national  panic. 

Here,  indeed,  is  the  g^otmd  for  an  objection  to  these 
tational  acts  of  supplication.  If  the  Privy  Council  tell 
IS  to  pray  Ijecause  the  cholera  is  advancing  from  east  to 
rest,  do  they  not  encourage  the  notion  that  only  great 
!alamitics  come  from  God,  and  that  He  is  a  sort  of 
ntruder  in  our  proper  domain,  which  in  ordinary 
easons  He  leaves  aUogether  to  our  own  managemfnt  ? 
^''e  do  not  say  that  this  is  an  objection  whicli  cannot  be 
atisfactorily  answered.  Nevertheless,  just  as  Sabbatarian 
igorism  tends  to  promote  week-day  godlessness,  so  these 
lanic-stricken  supplications  have  a  tendency  to  foster 
hat  epicureanism  in  theology  to  which  we  are  all  of  us 
uflSciently  disposed. 


I 


When  tiie  devil  was  siok,  tlio  devil  a  saint  would  be; 
When  the  devil  gut  well,  the  deril  a  saint  was  ho. 


To  this  article  I  replied  on  the  19th  in  the  following 
erms : — 

To  the  EoiTOQ  of  the  '  Fall  Mall  Gazittb.' 

Sir, — I  have  read  with  interest  the  letters  of  your  corre- 
ipondcnts  '  E.  W.'  and '  H.  W.  "W.,'  and  your  own  thoughtful 
lecond  article  on  the  influence  of  national  prayer.  It  gives 
ne  true  pleasure  to  exchange  ideas  with  such  earnest  men 
)n  80  important  a  subject. 

In  answer  to  your  correspondent  '  E.  W.'  I  would  first 
ay  that  when  I  affirm  necessity  I  merely  affina  t\\ft  tei>!i\LV. 
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of  knowledge  and  experience.  Science  shows  that  oeittia 
consequents  follow  certain  antecedents  with  euch  undevial- 
jug  uniformity  that  tbe  asBociation  between  antecedol 
and  consequent  has  become  inseparable  io  thought.  Ve 
explain  the  known  and  predict  the  unknown  on  Utett- 
eumption  of  this  inseparability.  On  the  eame  groani  rf 
experience,  the  ' '  ~  and  of  a  change  in  ihf 

course  of  natur.  lluse  to  be  oonnecUni  in 

thought.      I  bel  |  -will  wet,  tliat   iron  will 

sink  in  it»  that  h  |at  the  sun   will  rise  to- 

morrow, and  ho]  kr  at  the  present  day  will 

alter  such  facts.  |»ur  correspondents  prob- 

ably entertain  |b.      You    do   not  «een 

disposed  to   prai  I  miracles.       Where  the 

antecedent  is  pei  u  prepare  youTBcIves  (at 

the  consequent.  Now,  as  a  matter  of  fact,  in  cases  of 
national  supplic4jtion  the  antecedents  are  often  rery  clew 
to  one  class  of  the  community,  though  very  dark  tn 
another  and  a  larger  class.  This  explains  the  fact,  that 
■while  the  latter  are  ready  to  resort  to  prayer,  the  former 
decline  doing  so.  The  difiference  between  both  elates  if 
one  of  knowledge,  not  of  religious  feeling.  I  turn  to  tbe 
account  of  the  Epping  cliolera  c-ase,  and  learn  that  tbi' 
people  drank  poisoned  water.  To  alter,  by  prayer,  the 
consequences  of  this  or  any  similar  fact — to  deprive,  by 
petition,  even  a  single  molecule  of  miasmatic  matter  of  it* 
properties — would  in  the  eye  of  science  he  as  much  s 
miracle  as  to  make  the  sun  and  moon  stand  still.  For 
one  of  these  results  neither  of  us  would  pray ;  on  the  same 
grounds  I  refuse  to  pray  for  either. 

With  regard  to  the  efficacy  of  prayer,  I  grant  all 
manner  of  jpoasihilities,  or,  more  correctly,  conceivabilitm. 
Whenever  we  have  undoubted  evidence  of  the  smallert 
phenomenon,  we  can,  in  imagination,  expand  it  to  tii£ 
largest.    I  jump  over  a  hillock,  and  can  therrfore  imagino 
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SL  man  jumping  over  Mont  Blanc  Certain  bodies  are 
repelled  by  the  poles  of  a  majjuet,  and  I  can  imagine  tbis 
force  of  repulsion  so  augmented  as  to  urge  projectiles  in 
war.  But  though  I  can  conceivehoth,!  beiievein  neither 
the  jumping  of  the  mountain  nor  the  projectile  force  of 
agnetism.  Similarly,  a  {»ood-natured  man  grants  my 
uest  wheu  I  ask  him  for  a  share  of  his  umbrella.  I 
in  imagination,  expand  this  fact  to  the  infinite,  and 
Omnipotence  to  ward  oflF  the  rain  from  my  paddock. 
at  He  'iruiy  do  so  is  conceivable,  but  experience  renders 
unbelieva>)le.  The  people  of  England  are  already  more 
less  conscious  of  this ;  and  the  practice  of  national 
pitiation  is,  I  believe,  doomed,  which  requires  the  great 
ility  of  this  journal — not  to  direct  the  spontaneous 
our  of  a  smitten  and  a  threatened  people  to  the  Throne 
Grace — not  even  t-o  prove  that  it  is  the  bounden  duty  of 
the  nation  to  engage  in  supplication — but  to  show  that 
such  an  act  is  not  intrinsically  absurd. 

Both  your  correspondents  seem  to  think  that  scien- 
tific discovery  may  be  a  result  of  a  prayer.     If  this  be 
believed,  I  will  only  say  that  the  bearing  of  theology 
towards  science  at  the  present  day  is  as  unpardonable  as 
L^^  is  unaccoimtable. 

^^  You  speak  very  frequently  of  the  combinations  of 
material  law  possible  to  man.  Have  you  ever  analysed 
these  combinations  ?  You  stretch  forth  your  arm  and 
move  your  inkstand.  Is  this  an  act  of  volition  pure  and 
simple  ?  It  is  not.  Tlie  external  motion  of  your  arm  is 
derived  immediately  from  a  motion  ivUhiii  your  arm — it 
ie,  in  fact,  this  motion  in  another  shape.  While  you  were 
pushing  your  inkstand  a  certain  amount  of  oxidation 
^becurred  in  the  muscles  of  your  arm,  which  oxidation, 
^%nder  normal  circumstances,  produces  a  certain  deBnite 
amount  of  heat.  To  move  the  inkstand,  a  quantity  of 
that  heat  has  been  consumed,  which  is  the  exact  thermal. 


T<M  egold  do  the 

1  oidiiiiiyfini 
•f  jtmr  taod  iddeh 

piiUtk» 

T(on  ham  Wanm.»mm  . 

•f  filj  fkyiMl  caagf  vith  ow 

;  iawbed  ia  the  qportioa,  *  inhrt  OMMW  Or 

itojwldktft^flfvr     IsdwonMiilijBflil 

b  it  ai 

;t3ip  aemHte^^Mk  «&•  ■mKular  finee,  or  » 
it  fier  win*    trkMnw  tike  trao  ■■■■!  i  to  the  queatiiai 

-'--  J  - "-,■     -■""--  BaSni^  boldly  that  fine 

^dSwDKlw  liir  <nK«f  tlwMnoMaetMa.  BiittliH». 
tr^nr  iothr  !H3>f  of  mavst.  vm  bare  ddibnatelv  closed  by 
skTin^  ibu«  vbfSJier  Uie  •wSl  is  £nee  or  not,  *  the  pbvsical 
7(sas!is»  «w  ibf  suxte.'  Bj  tbus  dispensing  with  free  witt 
T.v^  cfciise  J:T.TntT  u<3i«ns  to  take  their  place  in  the  chain 
«^*  i<^v»jal  K«;xi;ao«.  and  hiSBan  comfainations  of  material 
j&v^  9;«  steer  ^:^ssifr  t.-^ot  «c«Dchxsions  regarding  prarer  tO' 
a  sv«f  IV-TT  fVitT.  a.xs  *^  CKonbuiation  of  the  molecules 
oe  ^KK*r  ?>>  fv'«7£  nv»«-5c>iPeK  upon  yonr  window-pane. 

Fiaall'T,  I  c-rjisv-:  *o  arj  philcjaophy.  or  theology,  which 
j«^<c3»  a  jjtresal  svsies  c4  santnl  phenomena  as  the  sub- 
Sm«  cf  auivcsal  $ux<oa::.va.  aad  thrints  from  the  same 
act  witb  rr»nv3>v-«  to  v«bef  ph«3iomena.  In  rejdy  to  my 
quHciM  wbrtbo'  ;be  s^pfiEant  vidce  of  a  iritole  nation 
wvsui  baTif  ahv-ivd  ibe  laws  of  bydnulic  pressure  in  the 
<a»  <<  tbe  Bradaeld  rvwrroir.  too  reply.  *  Undoubtedly 
aot.*  Why  not?  I  wc-ujd  eamealyask.  Yon  advocate 
;«a}rars  ior  &ir  wvatbe?  and  for  rain.  Now  the  absenee 
or  |«wM«w  «*  tain  depesos  upon  laws  of  gaseous  pressure 
which  ari>  just  as  immutalke  as  those  of  water  pressure  ; 
aad  the  oaly  re«j«D  that  I  <an  see  for  the  assumption 
that  the  one  if  the  oljcct  of  Divine  interference,  and  the 
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ker  not,  is  that  one  of  them  is  770  timea  heavier  thaa 
other.  Your  position  puts  one  in  mind  of  the  remark 
Galileo,  that  Nature  abhorre<l  a  vacuum  only  to  a 
jht  of  thirty-two  feet.  '  Divine  intervention  is  think- 
1,'  you  virtually  say,  '  but  only  in  the  case  of  bodies  of 
11  specific  gravity.'  '  Stupendous  interferences,'  or 
aults  of  gigantic  magnitude,'  are  not  to  be  expected, 
small  shift  ings  reasonably  may.  Again  I  ask  you,  in 
earnestness,  How  camo  you  to  know  this?  To  me  it 
appears  that  you  are  unwittingly  taking  dangerous  liber- 
ties with  the  established  laws  of  the  imiverse.  These 
^hrs  abolish  your  distinctions  of  large  and  small,  and  make 
HFas  great  a  miracle  to  suspend  the  gravity  of  a  straw  as 
to  extinguish  the  force  which  holds  the  solar  system 
together. 

With  these  remarks,  and  with  thanks  to  you  for  the 
opportunity  of  making  them,  I  would  willingly  refer  the 
final  adjudication  of  the  case  between  us  to  the  coming- 
time. — Your  obedient  servant. 


k 


JOHH   TtRDALL. 


Immediately  afterwards  the  editor  thus  closed  the 
discussion : — 

The  very  number  and  variety  of  the  letters  we  have 
received  on  the  subject  of  prayer  incline  us  to  favour  the 
suggestion  of  our  able  correspondent '  M.  J.  H.,'  and  end» 
or  suspend,  the  controversy.  We  confess  to  a  lurking 
feeling  of  regret  at  doing  so,  for  nothing  more  important 
than  the  efficacy  of  prayer  can  occupy  the  minds  of  men, 
and  much  is  to  be  hoped  from  any  controversy  in  which 
int€llect8  so  clear,  so  consistent,  so  courageous  as  Professor 
Tyndall's  luive  part.  But  in  all  the  many  able  letters 
before  us  we  find  nothing  that  really  brings  us  nearer  tcv 
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a  solution  of  our  difficulties.  In  some,  our  own  suggestion 
is  supported — in  others  Professor  Tyndall's  broad  and 
bold  argument  is  backed ;  but  nothing  new  is  added  to 
eitlier.  ^\'e  leave  them,  then,  to  bear  what  fruit  they  may, 
without  adding  to  the  discussion  what  would  only  lead  to 
mere  multiplication  of  words.  Enough  has  been  said, 
present,  for  candid  and  thoughtful  men.  Nobody  can  mis- 
take Professor  Tyndall's  line  of  argiunent — he  liimself  pro- 
bably could  not  make  it  clearer ;  while,  as  for  ourselves,  we 
do  not  presume  to  dogmatise  upon  such  questions,  but  we 
still  believe  all  that  we  stated,  and  for  the  considerations  we 
iitated,  in  the  beginning  of  the  discussion — namely,  that 
to  pray  for  tlie  abatement  of  pestilence  is  not  philo- 
sophically absurd. 


1 


4 


These  are  the  simple  historic  antecedents  of  the  follow — 
ing  series  of  articles. 
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MIRACLES  \AAD  SPECIAL  PROVIDENCES.^ 
1807. 

IT  is  my  pri\'ilege  to  enjoy  the  friendsbip  of  a  select 
number  of  relifpous  men,  with  whom  I  converse  frankly 
upon  theological  s^ulijects,  expresssing  without  disguise  the 
notions  and  opinions  I  entertain  regarding  their  tenets, 
and  hearing  in  return  these  notions  and  opinions  sulijected 
to  criticism.  I  have  thus  far  found  them  liberal  and 
loving  men,  patient  in  hearing,  tolerant  in  reply,  who 
know  how  to  reconcile  the  duties  of  courtesy  with-  the 
earnestness  of  debate.  From  one  of  these,  nearly  a  year 
ago,  I  received  a  note,  recommending  strongly  to  my  at- 
tention the  volume  of  'Hampton  Lectures'  for  1865,  in 
which  the  question  of  miracles  ia  treated  by  Mr,  Mozley. 
Previous  to  receiving  this  note,  I  had  in  part  made  the 
acquaintance  of  tlie  work  through  an  able  and  elaborate 
review  of  it  in  the  '  Times.'  The  combined  effect  of  the 
letter  and  the  review  was  to  make  the  book  the  companion 
of  my  summer  tour  in  the  Alps.  There,  during  the  wet 
and  snowy  days  which  were  only  too  prevalent  in  1866, 
and  during  the  days  of  rest  interpolated  between  days  of 
toil,  I  made  myself  more  thoroughly  conversant  with  Mr. 
Mozley's  volume.  I  found  it  clear  and  strong — an  intel- 
lectual tonic,  as  bracing  and  pleasant  to  my  mind  as  the 
keen  air  of  the  mountains  waa  to  my  body.     From  time 
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to  time  I  jotted  down  thoughts  rcn^arding  it,  intenc 
afterwards,  if  time  permitted,  to  work  them  up  into  a  co- 
herent whole.  Other  duties,  however,  interfered  with  t]je 
complete  carrying  out  of  this  intention,  and  what  I  wrote 
last  summer  I  now  publish,  not  hoping  to  be  able,  within 
any  reasonable  time,  to  render  my  defence  of  scientific 
method  more  complete.  ^M 

Mr.  ^lozley  refers  at  the  outset  of  his  task  to  the 
movement  against  miracles  whicli  of  late  years  has  taken 
place,  and  which  determined  his  choice  of  a  subject.     H^H 
acquits  modern  science  of  having  liad  any  great  share  in 
the  production  of  this  movement.     The  objection  against 
miracles,  he  says,  does  not  arise  from  any  minute  know- 
ledge of  the  laws  of  natui'e,  but  simply  because  they  'I'i^l 
opposed  to  that  plain  and  obvious  order  of  nature  •whid^* 
everybody  sees.     The  present  movement  is,  he  thinks,  to 
be  ascribed  to  the  greater  earnestness  and  penetration 
the  present  age.     Formerly  miracles  were  accepted  with 
out  question,  because  without  reflection ;  but  the  exercise 
of  what  Mr.  Mozley  calls  the  historic  imagination  is 
characteristic  of  our  own  time.     Men  are  now  accustomi 
to  place  before  tliemselves  vivid  images  of  historic  facts 
and  when  a  miracle  rises  to  view,  they  halt  Ijefore  the 
astounding  occurrence,  and,  realising  it  with  the  same 
clearness  as  if  it  were  now  pjissing  before  their  eyes,  they 
ask  themselves, '  Can  this  have  taken  place  ? '     In  some 
instances  the  effort  to  answer  this  question  has  led  to  ^M 
disbelief  in  miracles,  in  others  to  a  strengthening  of  belief^^ 
'  The  end  and  aim  of  ^Ir.  ilozley's  lectures  is  to  show  that 
the  strengthening   of  belief  is  the  logical  result  which 
ought  to  follow  from  the  examination  of  the  facts. 

Attempts  have  been  made  by  religious  men  to  bring 
the  Scripture  miracles  within  the  scope  of  the  order  of 
nature,  Vmt  all  such  attempts  are  rejected  by  ^Ir.  Mozley 
as  utterly  futile  and  wide  of  the  mark.    Regarding  miracli 
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I  a  necessary  accoinpaDiment  of  a  revelatioD,  tbeir  evi- 
itial  value  in  his  eyes  depends  entirely  upon  their  de- 
ition  from  the  order  of  nature.  Thus  deviating,  they 
;est  and  illustrate  a  power  higher  than  nature, 
^personal  will ; '  and  they  commend  the  person  in  whom 
power  is  vested  as  a  messenger  from  on  higli.  With- 
it  these  credentials  such  a  messenger  would  have  no 
;ht  to  demand  belief,  even  were  his  assertions  regarding 
is  Divine  mission  backed  by  a  holy  life.  Nor  is  it  by 
miracles  alone  that  the  order  of  nature  is,  or  may  be,  dis- 
tmbed.  The  material  universe  is  also  the  arena  of 
*  special  providences.'  Under  these  two  heads  Mr.  Mozley 
distributes  the  total  preternatural.  One  form  of  the 
pretematiual  may  shade  into  the  other,  as  one  colour 
passes  into  another  in  the  rainbow;  but,  while  the  line 
which  divides  the  specially  providt-ntial  from  the  miracu- 
lous cannot  be  sharply  drawn,  their  distinction  broadly 
expressed  is  this:  that,  while  a  special  providence  can  only 
excite  surmise  more  or  less  probable,  it  is  '  the  nature  of 
A  miracle  to  give  proof,  as  distinguished  from  mere  sur- 
mise, of  Divine  design.' 

Mr.  Mozley  adduces  various  illustrations  of  what  he 
regards  to  be  special  providences,  as  distinguished  from 
miracles.  '  The  death  of  Arius,'  he  says,  '  was  not  mira- 
c-idouB.  because  the  coincidence  of  the  death  of  a  here- 
^iarch  taking  place  when  it  was  peculiarly  advantageous 
to  the  orthodox  faitli  ....  was  not  such  as  to  compel 
the  inference  of  extraordinary  Divine  agency  ;  but  it  was 
■a,  special  providence,  because  it  carried  a  reasonable  ap- 
pearance of  it.  The  miracle  of  the  Thundering  Legion 
was  a  special  providence,  but  not  a  miracle,  for  the  same 
reason,  because  the  coincidence  of  an  instantaneous  fall 
of  rain,  in  answer  to  prayer,  carried  some  appearance,  but 
not  proof,  of  preternatural  agency.'  The  eminent  lecturer's 
jemaiks  on  this  bead  brought  to  my  recollection  certaia 
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narratives  palilishcd  in  Methodist  magazines,  wh 
used  to  read  with  avidity  when  a  boy.  The  title  of  these 
exciting  Btoriea,  if  I  remember  right,  was  '  The  Provi- 
dence of  God  asserted,'  and  in  them  the  most  extras 
ordinary  escapes  from  peril  were  recounted  and  ascribed 
to  prayer,  while  equally  wonderful  instances  of  calamity 
were  adduced  as  illustrations  of  Divine  retribution, 
8uc!i  magazines,  or  elsewhere,  I  found  recorded  the 
of  the  celebrated  Samuel  Hick,  which,  as  it  illustrates 
whole  class  of  special  pro\adences  approaching  in  con- 
clusiveness to  miracles,  is  worthy  of  mention  here.  It  is 
related  of  this  holy  man — and  I,  for  one,  have  no  doubt 
of  his  holiness — that  flour  was  lacking  to  make  the  racra- 
mental  bread.  Grain  was  present,  and  a  windmill  wa« 
present,  but  there  was  no  wind  to  grind  the  com.  With 
faith  undoubting,  Samuel  Hick  prayed  to  the  Lord  of  the 
winds  :  the  sails  turned,  the  com  was  ground,  after  which 
the  wind  ceased.  According  to  the  canon  of  the  Bampton 
Lectiu-er,  this,  though  carrying  a  strong  appearunce  of  an 
immediate  exertion  of  Divine  energy,  lacks  by  a  hair's* 
breadth  the  quality  of  a  miracle.  For  tlie  wind  might 
have  arisen,  and  migJd  have  ceased,  in  the  ordinary 
comse  of  nature.  Hence  the  occurrence  did  not  •  compel 
the  inference  of  extraordinary  Divine  agency.'  In  like 
manner  Mr.  Mozley  considers  that  'the  appearance  of 
the  cross  to  Constantino  was  a  miracle,  or  a  special  pro- 
vidence, accordfng  to  which  account  of  it  we  adopt.  As 
only  a  meteoric  appearance  in  the  shape  of  a  crops  it 
gave  some  token  of  preternatural  agency,  but  not  fi 
evidence.' 

In  the  Catholic  canton  of   Switzerland  where  I  n 

write,  and  still  more  among  the  pious  Tyrolese,  the  mou 

tains  are  dotted  with  shrines,  containing  offerings  of  all 

kinds,  in  acknowledgment  of  special  mercies — legs,  feet, 

k"arms,  and  hands — of  gold,  silver,  brass,  and  wood,  according 
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worldly  possessions  enabled  the  grateful  heart  to  ex- 
ess  its  indebtedness.     Most  of  these  offerings  are  made 
the  Virgin  Mary.     They  are  recK^nitions  of  '  special 
jvidences,'  wronght  throogh  the  instnunentalitj  of  the 
>ther  of  God.    Mr.  Mozley's  belief,  that  of  the  Methodist 
ronicler,  and   that  of  the  Tvrolese  peasant,  are  siib- 
mtially  the  same.     Each  of  them  assiraies  that  nature, 
ead  of  flowing  ever  onward  in  the  uninterrupted  rhythm 
cause  and  efTect,  is  mediately  ruled  by  the  free  human 
11.     As  regards  direct  action  upon  natural  phenomena. 
Bin's  will  is  confessedly  powerless ;  but  it  is  the  trigger 
■which,    by    its   own   free    action,    liberates    the   Divine 
power.     In  this  sense,  and  to  this  extent,  man,  of  course, 

K'v>mmunds  nature. 
Did  the  existence  of  this  belief  depend  solely  upon 
e  material  benefits  derived  from  it,  it  could  not,  in  my 
opinion,  last  a  decade.  As  a  purely  objective  fact,  w© 
Hpould  soon  see  that  the  distribution  of  natunil  pheno- 
mena is  unaffected  by  the  merits  or  the  demerits  of  men ; 
that  tlie  law  of  gravitation  crushes  the  simple  worshippers 
of  Ottery  St.  Mary,  while  singing  their  hymns,  just  as 
surely  as  if  they  were  engaged  in  a  midnight  brawl.  The 
hold  of  this  belief  upon  the  himian  mind  is  not  due  to 
outward  verification,  but  to  the  inner  warmth,  force,  and 
elevation  with  which  it  is  commonly  associated.  It  is 
plain,  however,  that  these  feelings  may  exist  under  the 
most,  various  forms.     They  are  not  limited  to  (.^hurch  of 

%  gland  Protestantism — they  are  not  even  limited  to 
rjstianity.  Though  less  refined,  they  are  certainly  not , 
less  strong  in  the  heart  of  the  Methodist  and  the  Tyroloso 
peasant  than  in  the  heart  of  Mr.  Mozley.  Indeed,  those 
feelings  belong  to  the  primal  powers  of  man's  nature.  A 
*  sceptic '  may  have  them.  Tliey  find  vent  in  the  battle- 
cry  of  the  Moslem.  They  take  hue  and  form  in  the 
hunting-grounds  of  the  red  Indian  ;  and  raise  all  of  themi. 
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as  they  raise  the  Christian,  upon  a  wave  of  nctory,  abo' 
tlie  terrors  of  the  grave. 

The  character,  then,  of  a  miracle,  as  distinguished 
from  a  special  providence,  is  that  the  former  furnishes 
'proof,  while  in  tlie  case  of  the  latter  we  have  only  sur- 
mise. Dissolve  the  element  of  doubt,  and  the  alleged 
fact  passes  from  the  one  class  of  tlie  preternatural  into 
the  other.  In  other  words,  if  a  special  providence  could 
be  proved  to  be  a  special  providence,  it  would  cease  to 
be  a  special  providence  and  become  a  miracle.  There  is 
not  the  least  cloudiness  about  Jlr.  Mozley's  meaning  here. 
A  special  providence  is  a  doubtful  miracle.  Wliy,  then, 
not  call  it  so  ?  The  term  employed  by  Mr.  Mozley  conveys 
no  negative  suggestion,  wliereas  the  negation  of  certainty 
is  the  peculiar  characteristic  of  the  thing  intended  t<i 
be  expressed.  There  is  an  apparent  unwillingness  on  the 
part  of  the  lecturer  to  call  a  special  proWdence  what  his 
own  definition  makes  it  to  be.  Instead  of  spteaking 
of  it  as  a  doubtful  miracle,  he  calls  it  '  an  invisible 
miracle.'  He  speaks  of  the  point  of  contact  of  super- 
natural power  with  the  chain  of  causation  being  so  high 
up  as  to  be  wholly,  or  in  part,  out  of  sight,  whereas  the 
essence  of  a  special  providence  is  the  uncertainty  whether 
there  is  any  contact  at  all,  either  high  or  low.  By  the 
use  of  an  incorrect  term,  however,  a  grave  danger  is 
avoided.  For  the  idea  of  doubt,  if  kept  systematically  be- 
fore the  mind,  would  soon  Ix?  fatal  to  the  special  providence, 
considered  as  a  means  of  edification.  The  tesia.  employed, 
on  the  contraiy,  invites  and  encourages  the  trust  which  ii 
necessary  to  supplement  the  evidence. 

This  inner  trust,  though  at  first  rejected  by 
^lozley  in  favour  of  external  proof,  is  subsequently  called 
upon  to  do  momentous  duty  in  regard  to  miracles.  When- 
ever the  evidence  of  the  miraculous  seems  incommen- 
surate with  the  fact  which  it  had  to  establish,  or  rather 
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I  wLen  the  iact  is  so  amazing  that  hardly  any  evidence  is 
sufficient  to  establish  it,  I\Ir.  Mozley  invokes  '  the  affec- 
tion«.'     They  must  urge  the   reason  to  accept  the  con- 

j  elusion,  from  which  unaided  it  recoils.  The  affections 
snd  emotions  are  eminently  the  court  of  appeal  in  matters 
of  real  religion,  which  is  an  affair  of  the  heart ;  but  they 
are  not,  I  submit,  the  court  in  which  to  weigh  allegations  • 
re^iarding  the  credibility  of  physical  facts.  These  must 
be  judged  by  the  dry  light  of  the  intellect  alone,  appeals 
to  the  affections  being  reserved  for  cases  where  moral 
elevation,  and  not  historic  conviction,  is  the  aim.  It  is, 
moreover,  because  the  result,  in  the  case  under  considera- 
iioo,  is  deemed  desirable  that  the  affections  are  called 
upon  to  back  it.  If  imdesirable,  they  would,  with  equal 
right,  be  called  upon  to  act  the  other  way.  Even  to  the 
disciplined  scientific  mind  this  would  be  a  dangerous 
doctrine.  A  favourite  theory — the  desire  to  establish  or 
avoid  a  certain  result — can  so  warp  the  mind  as  to  destroy 
itfi  powers  of  estimating  facts.  I  have  kno\vTi  men  to 
work  for  years  under  a  fascination  of  this  kind,  unable 
to  extricate  themselves  from  its  fatal  influence.  They 
bad  certain  data,  but  not,  as  it  happened,  enough.  By  a 
process  exactly  analogous  to  that  invoked  by  Mr.  Moz- 
ley  they  supplemented  the  data,  and  went  wrong.  From 
that  hour  their  intellects  were  so  blinded  to  the  percep- 
tion of  atlverse  phenomena  that  tl»ey  never  reached  truth. 
If,  then,  to  the  disciplined  scientific  mind,  this  incon- 
gruous mixture  of  proof  and  tnist  be  fraught  with  danger, 
what  must  it  be  to  the  indiscriminate  audience  wliich  Mr. 
Mozley  addresses  ?  In  calling  upou  this  agency  he  acts 
the  part  of  Frankenstein.  It  is  a  monster  thus  evoked 
that  we  see  stalking  abroad,  in  the  degrading  spiritualistic 
phenomena  of  the  present  day.  Again,  I  say,  where  the 
aim  is  to  elevate  the  miud,  to  quicken  the  moral  sense, 
to  kindle  the  fire  of  religion  in  the  soul,  let  the  affectionjj 
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by  all  means  be  invoked ;  but  they  must  not  be  pep- 
mitted  to  colour  our  reportii,  or  to  influence  our  accept- 
ance of  reports  of  occurrences  in  external  nature.  Tes- 
timony as  to  natui"al  facts  is  worthless  when  \\Tappecl 
in  this  atmosphere  of  the  affections ;  the  most  eumest 
subjective  truth  lieinj^  thus  rendered  perfectly  compatibto 
■with  the  most  astounding^  objective  error. 

There  are  questions  in  judging  of  wliich  the  affecti 
or  sympathies  are  often  our  best  guides,  the  estimation  i 
moral  goodness  being  one  of  these.  But  at  tliis  preci 
point,  where  they  are  really  of  use,  IVIr.  ^lozley  exclm 
the  affections  and  demands  a  miracle  as  a  certificate 
character.  He  will  not  accept  any  other  evidence  of  the 
perfect  goodness  of  Christ.  '  No  outward  life  or  conduct,' 
he  says,  '  however  irreproachable,  could  prove  His  perfect 
sinlessness,  because  goodness  depends  upon  the  inward 
motive,  and  the  perfection  of  the  inward  motive 
not  proved  by  the  outward  act.'  But  surely'  the  mirad 
is  an  outward  act,  and  to  pass  from  it  to  the  inner  motive 
imposes  a  greater  strain  upon  logic  than  that  involved 
in  our  ordinary  methods  of  estimating  men.  There  is, 
at  least,  moral  congruity  between  the  outward  goodness 
and  the  inner  life,  but  there  is  no  such  congruity  between 
the  miracle  and  the  life  within.  The  test  of  moral  good- 
ness laid  down  by  Jlr.  Mozley  is  not  the  test  of  John,  who 
says, '  He  that  doeth  righteousness  is  righteous ; '  nor  is 
it  the  test  of  Jesus :  '  By  their  fniits  ye  shall  know  tliem ; 
do  men  gather  grapes  of  tlioms,  or  figs  of  thi^stles?' 
But  it  w  the  test  of  another  :  '  If  thou  be  the  Son  of  God, 
command  that  these  stones  be  made  bread.'  For  my  own 
part,  I  prefer  the  attitude  of  Fichte  to  that  of  Mr. 
Mozley.  'The  Jesus  of  John,'  says  this  noble  and  mighty 
thinker,  'knows  no  other  God  than  the  True  God,  in 
whom  we  all  are,  and  live,  and  may  be  blessed,  and  out 
of  whom  there  is  only  Death  and  Nothingness.      And,* 
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Fichte,  'he   appeals,  and  rightly  appeals,  in 
support  of  this  trtitli,  not  to  reasoning,  but  to  thu  inward 
Tactical  sense  of  truth  in  man,  not  even  knowing  any 
her  proof  than  this  inward  testimony,  "  If  any  man  will 
do  the  will  of  Him  who  sent  Me,  he  shall  know  of  the 
doctrine  whether  it  he  of  God." ' 

Accepting  Mr.  Mozley'a  test,  with  which  alone  I  am 

now  dealing,  it  is  evident  that,  in  tlie  demonstration  of 

moral  goodness,  the  quantity  of  the  miraeidous  comes  into 

lay.     Had  Christ,  for  example,  limited  Himself  to  the 

inversion  of  water  into  wine.  He  would  have  fallen  short 

)he  performance  of  Jannes  and  Jamhres;  for  it  is  a 

er  thing  to  convert  one  liquid  into  another  than  to 

vert  a  dead  rod  into  a  living  serpent.     But  Jannes  and 

•Tambres,  we  are  informed,  were  not  good.     Hence,  if  Mr. 

3Iozley''8  test  be  a  true  one,  a  point  must  exist,  on  the  one 

de  of  which   miraculous  power  demonstrates  goodness, 

while    on    the    other    side    it    does    not.      How  is   tlus 

•  point  of  contrary  flexure '  to  be  determined  ?      It   must 

lie   somewhere   between   tlie   magicians   and   Moses,   for 

within  this  space  the  power  passed  from  the  diabolical  to 

e  Divine.     Rut  how  to  mark  the  pomt  of  passage — how, 

ut  of  a   purely   quantitative  difference   in   the  visible 

manifestation  of  power,  we  are  to  infer  a  total  inversion  of 

uality — it   is  extremely  difficidt  to  see.     Moses,  we  are 

informed,  produced  a  large  reptile ;  Jannes  and  Jarabres 

produced  a  small  one.      I  do  not  possess  the  intellectual 

ulty  which  would  enable  me  to  infer,  from  those  data, 

itlier  the  goodness  of  the   one  or   the   badness   of  the 

ither ;  and  in  the  liighest  recordetl  manifestations  of  tlie 

raculoiis  I  am  equally  at  a  loss.     Ijet  us  not  play  fast 

ind  loose  with  the  miraeidous  ;  either  it  is  a  demonstra- 

on  of  goodness  in  all  cases  or  in  none.     If  ^Ir.  Mozley 

accepts  Christ's  goodness  as  transcendent,  because  He  did 

liuch  works  as   no   other   man  did,  be   ought,  lo^wayq 
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speaking,  to  accept  the  works  of  those  who,  in  Hia  : 
had  cast  out  devils,  as  demonstrating  a  propoi 
goodness  on  their  part.  But  it  is  people  of  tbia  class  ^ 
re  consigned  to  everlasting  fire  prepared  for  the  de»: 
■^BJid  his  angel?.  Such  zeal  as  that  of  Mr.  Mozlej 
miracles  tends,  I  fear,  to  eat  his  religion  up.  The  lo 
threatens  to  stifle  the  spiritual.  The  truly  religious  «ofl 
needs  no  miraculous  proof  of  the  goodness  of  Christ, 
words  addressed  to  Matthew  at  the  receipt  of  c« 
required  no  miracle  to  produce  ohedience.  It  was  by 
stroke  of  the  supernatural  that  Jesus  caused  those  sent 
seize  Him  to  go  backward  and  fall  to  the  ground.  It ' 
the  sublime  and  holy  efiBuence  from  within,  which 
no  prodigy  to  commend  it  to  the  reverence  even  of 
foes. 

As  regards  the  function  of  miracles  in  the  founding 
a  religion,  Mr.  Mozley  institutes  a  comparison    bet^ 
the  religion  of  Christ  and  that  of  Mahomet ;  and  he  derid 
the   latter   as  'irrational'  because  it  does  not  profess 
adduce  miracles  in  proof  of  its  supernatural  origin.     Ba 
the  religion  of  Mahomet,  notwithstanding  this  drawt 
has  thriven  in  the  world,  and  at  one  time  it  held 
over    larger    populations   than  Christianity   itself.     The 
spread  and  influence  of  Christianity  are,  however,  brought 
forward  i>y  Mr.  Mozley  as  *  a  permanent,  enormous,  an  J 
incalculable  practical  result'  of  Christian  miracles:  and. 
he  makes  use  of  this  result  to  strengthen  his   plea 
the  miraculous.     His  logical  warrant  for  this  proceeding 
is  not  clear.     It  is  the  method  of  science,  when  a  phe»] 
nomenon  presents  itself,  towards  the  production  of  wbirb 
several  elements  may  contribute,  to   exclude   them  on* 
by  one,   so   as   to   arrive  at   length   at   the  trulv  effe< 
tive  cause.     Heat,  for  example,  is  associated  with  a  pheno>| 
menon ;  we  exclude  heat,  but  the  phenomenon  remains ! j 
hence,  heat    is  not  its  cau-ie.     IMagnetism  is  aseociatcdl 
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mit\\  a  plienomenon ;  we  exclude  mag^netisin,  but  the 
phenomenon  remains :  hence,  magnetism  is  not  its  caase. 
Thus,  also,  when  we  seek  the  cause  of  the  diffusion  of  a 
religion — whether  it  be  due  to  miracles,  or  to  the  spiritual 
force  of  itd  founders — we  exclude  the  miracles,  and,  find- 
ing the  result  unchanged,  we  infer  that  miracles  are  not 
the  eflective  cause.  This  important  experiment  Mabomet- 
anism  has  made  for  us.  It  has  lived  and  spread  without 
miracles  ;  and  to  assert.,  in  the  face  of  this,  that  Christi- 
anity has  spread  bt-caiLse  of  miracles,  is  not  more  opposed 
to  the  spirit  of  science  than  to  the  common  sense  of  man- 

The    inconjp-nity   of  inferring   moral   goodness   from 
raciUous  power  luis  lieen  dwelt  upon  above ;  in  another 
particular  also  the  strain  put  by  Mr.  Mozley  upon  mira- 
cles is,  I  think,  more  than  they  can  bear.     In  consistency 
^nth  his  principles,  it  is  difficult  to  see  how  he  is  to  draw 
^■Un  the  miracles  of  Christ  any  certain  conclusion  as  to 
^Ks  Divine  nature.     He  dwells  very  forcibly  on  what  he 
^lUs  '  the  argument  from  experience,'  in  the  demolition  of 
which  lie  takes  evident  delight.     He  destroys  the  argu- 
HlBent,  and  repeats  it,  for  the  mere  pleasure  of  again  and 
again    knocking   the   breath   out  of  it.     Experience,  ho 
urges,  ciin  only  deal  witli  the  past;  and  the  moment  we 
attempt  to  project  experience  a  hair's-breadth  beyond  the 
point  it  has  at  any  moment  reached,  wo  are  condemned 
hy  reason.     It  appears  to  me  tliat  when  he  infers  from 
Christ's  miracles   a   Divine   and   altogether   supcrlumian 
rgy,   Mr.    Mozley  places  himself  precisely  under  tin's 


^6n 


demnation.  For  what  is  liLs  logical  pround  for  con- 
cluding that  the  rairacles  of  the  New  Testament  iUustrate 
Divine  power  ?  May  they  not  be  the  result  of  expanded 
human  power  ?  A  miracle  he  defines  as  something  im- 
ible  to  man.     But  how  does  lie  know  that  the  miracles 

the  New  Testament   are  impossible  to   mau?     ScrV^ 


ilUISl   Mi  MT.  ^UOZlCy  8 

exporiiMice    livyoiid    \ 
wliifii  I  pronounce  uul 
wlien  iniin  will  be  able 
ceded — and  I  do  not  s 
concession — it  destroys 
Divinity  from  His  mini 
antedated  the  humanity  i 
wave  leaves  hi{j;h  upon  tht 
becomes  the  general  level  i 
as  you  will,  no  other  warra. 
portant    conclusion    that 
Divine  power,  than  an  argu 
tised  by  jSIr.  Jlozley  as  a  ' 
from  experience. 

The  learned  Bamptou  T. 
tion,  even  had  he  seen  witl 
recorded  in  the  New  Tosti 
these  miracles ;  and  his  ir 
worse.  He  accepts  tlicse 
does  he  believe  *'- 
i«-  ■ 
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ppears,   therefore,   that  those   said    to   have  seen    the 
iracles,  based  their  inferences  from  what  they  saw  on 
argument   from   experience;  and  that   Mr.    Mozley 
his  helief  in  their  testimony  on  the  same  argimient. 
he  weakncBa  of  his   conchision  is   quadrupled   by  this 
double  insertion  of  a  principle  of  belief,  to  which  he  flatly 
ies  rationality.    His  reasoning,  in  fact,  cuts  two  ways — 
it  destroys  our  trust  in  tlie  order  of  nature,  it  far  more 
fectually  abolishes  the  basis  on  which  Mr.  Mozley  seeks 
found  the  Christian  relitrion. 


Over  this  argument  from  experience,  \Ybicli  at  bottom 
is  hie  argument,    Mr.  Mozley  rides   rough-sbotl.     There 
is  a  dash  of  scorn  in  the  energy  with  which  he  tramples 
on  it.    Probably  some  previous  writer  had  made  too  much 
^_pf  it,  and  thus  invited   his   powerful   assault.      Finding 
^Bhe  difficulty  of  belief  in  miracles  to  rise  from  their  being 
'     in  contradiction  to  the  order  of  nature,  ho  sets  himself  to 
examine  the  grounds  of  our  belief  in  that  order.     With 
a  vigour  of  logic  rarely  equalled,  aud  with  a  confidence 
in    its  conclusions   never   surpassed,  he  disposes  of  this 
belief  in  a  manner  calculated  to  startle   those  who,  with- 
out due  examination,  had  come  to  the  conclusion  that  the 
order  of  nature  was  secure. 

What  we  mean,  he  says,  by  our  belief  in  the  order  of 
nature,  is  the  belief  that  tlie  future  will  be  like  the  past. 
There   is   not,   according  to   Mr.   ilozley,   the   slightest 
iional  basis  for  this  belief. 


I 


'  That  any  cause  in  nature  is  more  permanent  than  its  existing 

nd'knowu  effects,  txtending  iurtlier,  and  about  to  produce  odier 

id  more  instances  besides  what  it  lias  produci'd  already,  we  have 

I  evidence.     Let  us  imagine,'  he  contiuuesi,  '  the  occurrence  of  a 

rticular  physical  phenomenon  ibr  the  first  time.     Ujion  that 

ingle  oecurrence  wc  should  have  but  the  very  faintest  c.xpecta- 

DQ  of  another.     If  it  did  occur  again,  once  or  twice,  to  fas  (v<^va. 


PKA6METIS  or  SaEXCC 


s  the 
■■c  flakdraa  tno^  J 
fiom  » 

thhtt 

wiiatiti 

BBiibcinitj  of 

be  giren,  br  the 

w  ae  uuBUaJietioo. 


tUB  pRmnptton  of 

of  it.     y  o  nttott 

It  ran 

be  taeed  to  ao  ntiooit 


r,  adds,  <  depends 
ftr  the  fature, 
WB  emfiaj  agaimt  it,  all 
,  all  af^aabaaift  «f  ■■■■i  to  endi  mhhwiw  this 
T;  and  jet  this  befief  haa  ao  Boae  prodociUe  leason 
it  than  a  ipwwhtiM  af  ftacjr.  ....  It  is  neocasaiji 
far  tfe|iiiHi>mii  of  life,  but  aoMr  ptaetial 
aad  iManaea  ao  intriWiwI  rhanrter.  ....  The  propa 
1,*  mBtiTinw  Mr.  Moiley,  *of  the  indoBtivc  piiik 
the  arpuaeat  fitom  fTpefienms  the  belief  in  th| 
o*der  of  nature — br  whaterer  phiaae  ae  ilwijpmt 
aaiae  instinet — is  to  opemte  aa  a  pnctieal  basis  for  th 
a£bin  of  life  and  the  eanjiog  oa  of  hmnaa  aoeiety.'  Ti 
sum  up,  the  belief  in  the  order  of  aitiire  u  general,  but 
18  'an  nnintelligent  impolse,  of  which  we  can  give 
ntioiial  aoeooat.*  It  is  inserted  into  our  constitutioi 
aolelj  to  iadoee  ns  to  tiU  ottr  fields,  to  nise  oar  winter  fuel 
and  thus  to  meet  the  foture  on  the  perfectly  gratoitoa 
ition  that  it  will  l>e  like  the  past. 
'  Tbos  step  by  step,'  sajs  Mr.  Moiley,  with  the  empb: 


MIRACLES   AND  SPECIAL   PROVIDEXCES. 


3fW 


&  man  who  feels  his  position  to  be  a  strong  one,  *  has 

losophy  loosened  the  connection  of  the  order  of  nature 

the  ground  of  reason,  befriending  in  exact  proportion 

1  it  has  done  this  the  principle  of  miracles.'     For  '  this 

ief  not  having  itself  a  foimdation  in  reason,  the  ground 

Igone  upon  wliicli  it  coidd  be  maintained  that  miracles, 

f  opposed  to  the  order  of  nature,  are  opposed  to  reason.' 

lien  we  regard  this  belief  in  connection  with  science, 

which  connection  it  receives  a  more  imposing  name, 

is  called   the  inductive  principle,'  the  result  is  the 

le.     'The  inductive  principle  is  only  this  unreasoning 

bpulse  applied  to  a  scientifically  ascertained  fact 

ience  has  led  up  to  the  fact ;  but  tJiere  it  stops,  and  for 
iverting  tliis  fact  into  a  law,  a  totally  unscientific  prin- 
ciple comes  into  play,  the  same  as  that  which  generalises 
Ke  commonest  observation  of  nature.' 
The  eloquent  pleader  of  the  cause  of  miracles  passes 
er  without  a  word  the  results  of  scientific  investigation, 
as  proving  anything  rational  regarding  the  principles  or 
method  by  whicli  such  residts  have  been  achieved.  Here, 
as  elsewhere,  he  declines  the  test,  '  By  their  fruits  shall  yo 
know  them.'  Perhaps  oiu:  best  way  of  proceeding  will 
be  to  give  one  or  two  examples  of  the  mode  in  which 
men  of  science  apply  the  unintoUigent  impulse  with  which 
Mr.  Mozley  credits  them,  and  which  shall  show,  by  illustra- 
tion, the  surreptitious  method  whereby  they  climb  from 
the  region  of  facts  to  that  of  laws. 

Before  the  sixteenth  centtuy  it  was  known  that  water 
rises  in  a  pump ;  the  effect  being  then  explained  by  tho 
maxim  that '  Nature  abhors  a  vacuum.'  It  was  not  known 
that  there  was  any  limit  to  the  height  to  which  the  water 
woidd  ascend,  until,  on  one  occasion,  tho  gardeners  of 
Florence,  while  attempting  to  raise  water  to  a  very  great 
elevation,  found  tlmt  the  column  cease*!  at  a  lieight  of 
thirty-two  feet.     Beyond  this  all  the  skill  of  the  ^um^ 
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maker  could  not  get  it  to  rise.  The  fact  was  brought  to 
the  notice  of  Galileo,  and  be,  soured  by  a  world  which  had 
not  trMited  his  science  over  kindly,  is  said  to  have  twittel 
the  ])hilosophy  of  the  time  hy  remarking  that  luitur!*  en* 
dently  abhorred  a  vacu«ini  only  to  a  height  of  thiitT-t»« 
feet.     Galileo,  howev<M',  did  not  solve  the  {trohietn.    It 

was  taken  up  by  ^' ''  '^^ — ^~elli,   who  pondered  it, 

and,  in  doing  so, '  Guarding  it.  iiro«i;  is  lif 

nund.     It  occnrrt  t  water  might  be  foiced 

into  the  tube  by  i  1  to  the  surface  of  tiie 

water  outside.    B  >e  actual  circnmstasMi, 

was  such  a  pressui  After  much  reflectioo, 

it  dashed   upon  the  atmosphere   migU 

possibly   exert  t1  it  the   impalpable  m 

might  possess  wei}  oltunn  of  water  thirtj* 

two  feet  high  might  be  of  the  exact  weiglit  necejssary  to 
hold  the  pressure  of  the  atmosphere  in  equilibrium. 

There  is  much  in  this  process  of  pondering  and  iU 
results,  which  it  is  impossible  to  analyse.  It  is  by  a  kind 
of  inspiration  that  we  rise  from  the  wise  and  sedtdour 
contemplation  of  facts,  to  the  principles  on  which  they 
depend.  The  mind  is,  as  it  were,  a  photograpliic  plate, 
which  is  gradually  cleansed  by  the  effort  to  think  rightly, 
and  wliiuh,  when  so  cleansed,  and  not  before,  receives 
impressions  from  the  light  of  truth.  This  passage  firom 
facts  to  principles  is  called  induction  ;  and  induction,  in 
its  highest  form,  is,  as  just  stated,  a  kind  of  inspiration. 
But,  to  make  it  sure,  the  inward  sight  must  be  shown 
to  be  in  accordance  with  outward  fact.  To  prove  or  dis- 
prove the  induction,  we  must  resort  to  deduction  and  ex- 
periment. 

Torricelli  reasoned  thus  :  If  a  column  of  water  thirty- 
two  feet  high  holds  the  pressure  of  the  atmosphere  in 
■equilibrium,  a  shorter  column  of  a  heavier  liquid  ouglit 
*o  do  the  same.    Now,  mercury  is  thirteen  times  heavier 
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m  water ;  hence,  if  my  induction  be  correct,  the  at- 
«<1)here  ought  to  be  able  to  sustain  ouly  thirty  inches 
of  mercury.  Here,  then,  is  a  deduction  which  can  bo 
lediately  submitted  to  experiment.  Ton-icelli  took  a 
tube  a  y:ird  or  so  in  length,  closed  at  one  end  and 
en  at  the  other,  and  filling  it  with  mercury,  he  stopped 
open  end  with  his  thumb,  and  inveited  it  in  a  basin 
le«i  with  the  liquid  metal.  One  can  imagine  the  feel- 
with  which  Torricelli  remove<l  his  thumb,  and  the 
delight  he  experienced  when  he  found  that  his  thought 
forestalled  a  fact  never  before  revealed  to  human 
fes.  The  column  sank,  but  it  ceased  to  sink  at  a  height 
thirty  inches,  leaving  the  Torricellian  vacuum  over- 
ad.  From  that  hour  tlie  theory  of  the  pump  was  e»- 
ablished. 

The  celebrated  Pascal  followed  Torricelli  with  another 
Bedticlion.  Ho  reasoned  thus :  If  the  mercurial  colimm 
*  supported  by  the  atmosfjliere,  tJie  higher  we  ascend  in 
!  air,  the  lower  the  colimm  ought  to  sink,  for  the  less 
irill  be  the  weight  of  the  air  overhead.  He  caused  a 
iiend  to  ascend  the  Puy  de  Dome,  carrying  with  him  a 
arometric  column ;  and  it  was  lV>und  that  during  the 
cent  the  coliunn  sank,  and  that  during  the  subsequent 
escent  tlic  column  rose. 
Between  tho  time  here  referred  to  and  the  present, 
miUions  of  experiments  have  been  made  upon  this  subject. 
Every  village  pump  is  an  apparatus  for  sueJi  experiments. 
In  thousands  of  instiinces,  moreover,  pmups  have  refused 
to  work  ;  but  on  examination  it  has  infallibly  been  found 
that  the  well  was  dry,  that  the  pump  required  priming, 
or  that  some  other  defect  in  the  apparatus  accounted  for 
ihe  anomalous  action.  In  every  case  of  the  kind  the  skill 
of  the  pump-maker  has  been  foimd  to  be  the  true  remedy, 
no  case  has  the  pressure  of  the  atmosphere  ceased ; 
o^ancy,  as  regards  the  liltiug  of  pumji-watcr,  has  bebik. 
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^UMcto  th«  demonstrated  rule  of  nature.  So  also  u 
''*l!^''fe  Pascal's  experiment.  His  experience  has 
tutj  universal  experience  ever  since.  Men  have  dim' 
mountains,  and  gone  up  in  balloons;  but  no  deviation 
from  Pascal's  result  lias  ever  been  obser%ed.  Barometej 
like  pumps,  have  refused  to  act ;  but  instead  of  indicat 
«ny  suspension  of  the  operations  of  nature,  or  any  in 
ference  on  the  part  of  its  Author  with  atmospheric  pr»- 
«ure,  examination  has  in  every  instance  iixed  the  anomaly 
upon  the  instruments  themselves.  It  is  this  welding, 
then,  of  rigid  logic  to  verifying  fact  that  Mr.  Mode; 
refers  to  an  '  unreasoning  impulse.' 

Let  us  now  briefly  consider  the  case  of  Newton.    Be- 
fore his  time  men  had  occupied  fhemselves  with  tlie  pro- 
blem of  the  solar  8yst<?m.     Kepler  had  deduced,  from  a 
vast  mass  of  observations,  those   general   expressions  of 
planetary  motion  known  as  '  Kepler's  laws.'     It  )iad  been 
observed   that  a  magnet   attracts    iron ;    and  by  one  of 
those  flaslies  of  inspiration  which  reveal  to  the  human 
mind  the  vast  in  tlie  minute,  the  general  in  the  particular, 
it  had  been  inferred,  that  the  force  by  which  bodies  fall 
to  the  earth  might  also  be  an  attraction.     Newton  pon- 
dered all  these  things.     He  had  a  great  power  of  ponder- 
ing.    He  could    look    into   the  darkest  subject  .until  it 
became  entirely  luminous.     How  this  light  arises  we  can- 
not explain;  but,  as  a  matter  of  fact,  it  does  arise.     Ijct 
mu  remark  here,  that  this  power  of  pondering  facts  is 
one  with  wliicli  the  ancients  could  have  bet-n  but  imper- 
fectly acquainted.      They,  for  the  most  part,  foimd  the 
exercise  of  fantasy  more  pleasant  than  the  brooding  over 
facts.     Hence  it  is,  that  when  those  whose  education  haa 
b«-"en  derived  from  the  ancients  speak  of  '  the  reason  of 
man,'  they  are  apt  to  omit  from  their  conception  of  reason 
one  of  its  greatest  powers.     Well,  Newton  slowly  mar- 
shalled his  thoughts,  or  rather  they  came  to  him  while  he 
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^■^tended  his  mind,'   risinj^  like  a  series  of  intellectual 
BKtLs  out  of  chaos.     He  made  this  idea  of  attraction  his 
"^n.     But,  to  apply  the  idea  to  the  solar  system,  it  was 
**^essary  to  know  the  map;nitude  of  the  attraction,  and 
^**4e  law  of  its  variation  with  the  distance.     His  concep- 
'•^■cns  first  of  all  passed  from  tlie  action  of  the  earth  as  a 
lole,  to  that  of  its  constituent  particles.     And  persistent 
upht  brought  more  and   more    clearly  out  the  final 
ination,  that  every  particle  of  matter  attracts  eveiy 
er  particle  with  a  force  varying  inversely  as  the  square 
the  distance  between  the  particles. 
This  is  Newton's  celebrat^fl  law  of  inverse  squares. 
we  have  the  flower  and  outcome  of  his  induction; 
.Tid  how  to  verify  it,  or  to  disprove  it,  was  the  next,  ques- 
tion.    The  first  step  of  Newton  in  this  direction  was  to 
J>rove,  mathematically,  that  if  this  law  of  attraction  be 
^he   tnie   one ;  if  the   earth  be  constituted  of  particles 
^vhich  obey  this  law;  then  the  action  of  a  sphere  equal 
to  the  earth  in  size  on  a  body  outside  of  it,  is  the  same 
as  that  which  would  be  exerted  if  the  whole  mass  of  the 
sphere  were  contracted  to  a  point  at  its  centre.     Practi- 
cally speaking,  then,  the  centre  of  the  earth  is  the  point 
from  which  distances  must  be  measured  to  bodies  attracted 
by  the  earth. 

From  experiments  executed  before  his  time,  Newton 
knew  the  amount  of  the  earth's  attraction  at  the  earth's 
surface,  or  at  a  distance  of  4,000  miles  from  its  centre. 
His  object  now  was  to  measure  the  attraction  at  a  greater 
distance,  and  thus  to  determine  the  law  of  its  diminu- 
tion. But  how  was  he  to  find  a  body  at  a  sufficient 
distance  ?  He  bad  no  balloon ;  and  even  if  he  had,  he 
knew  that  any  height  to  which  he  could  attain  would  be 
too  small  to  enable  him  to  solve  his  problem.  Wbat  did 
he  do  ?  He  fixed  his  thoughts  ripon  the  moon  ; — a  body 
0,000  miles,  or  sixty  times  the  earth's  radius,  from.  tV^« 
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He  mtadf  vogftcd  the  mooo,  i 
^  ^  TTWt^  of  vfaat  it  woold  be 
»•  Mil  If  .e.  nis  is  esEMtly  wfaafc  his  theorf  i 
I  win  Hi  dwdl  bem  i^m  the  puse  of  Newt 
'  U*  int  alolalinB,  or  i|MBk  of  las  telf-deaial 
I  they  did  not  quiie  agree 
•oaHHod.  Xewtoo's  actit 
thk  ■■ttrr  it  tlw  notnal  actiiiB  «f  thp  acieotifie  mio 
If  it  wece  otbetiriae — if  iwiwiCiCH  men  vere  not  aoci 
to  AnrntrUi  veiifiratjao — if  they  were  ndsfil 
the  imperfect  while  the  perfect  is  attainable,  tb< 
ii^rnl  of  beaqg,  as  it  ia,  a  fbctras  of  adamoo 
wvaid  be  a  bouse  of  elay,  ill-fitted  to  bear  the  bu6«tiii( 
.of   tba   tbeologie    wtiwi   to  which  it  is    periodical^ 


■n»is  w»  see  that  Newton,  like  Torrioelli,  first  poi 

tdet«d  his  frets,  illuminated  them  with  pei^ist^nt  though 

[and  fiaaify  divined  the  ehaiacter  of  the  force  of  graviti 

i  kion.     Bat,  haTing  thus  tTa>'eUed  inward  to  th&  prineipli 

bo  rareiaed  his   stepe,  carried   the   principle   outward) 

and  justified  it  bj  demonstiating  ita  fitness  to  exte) 

nature. 

And  here,  in  passing,  I  woald  notice  a  point  which 
I  well  worthy  of  attention.  Kepler  liad  dedueetl  his  la 
from  obser%'ation.  .\»  far  l:<ick  as  those  observatJ! 
ext«Qde<l,  tbe  planetary  motions  had  obeyed  th 
and  neither  Kepler  nor  Xewton  entertained  a  dool 
to  their  continuing  to  obey  them.  Year  after  year, 
the  ages  rolled,  tbey  believed  that  those  laws  would  o 
tinue  to  illustrate  themselves  in  the  heavens.  But  th 
Tras  not  sjifficient.  The  scientific  mind  can  find  no 
■pose  in  the  mere  registration  of  sequence  in  nutiir 
The  further  question  intrudes  itself  wth  resistless  migh 
>Vhence  comes  the  Fe<iucnce?  ^Yhat  is  it  that  bin( 
the  cousefjuent  to  its  antecedent  in  nature  ?     The  tru 
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ientific  intellect  never  can  attain  rest  until  it  reaches 

le  forces  by  which  the  observed  succession  is  produced. 
was  thus  with  Torricelli ;  it  was  thus  with  Newton ; 
is  thus  pre-eminently  with  the  scientific  man  of  to- 

ly.  In  common  with  the  most  ignorant,  he  shares 
the  belief  that  spring  will  succeed  winter,  tliat  simimer 
wll  succeed  spring,  that  autumn  will  succeed  summer,  and 
that  winter  will  succeed  autumn.  But  he  knows  still 
further — and  this  knowledge  is  essential  to  his  intellectual 
repose — that  this  succession,  besides  being  permanent, 
is,  under  the  circumstances,  neci'ssary;  that  the  gravi- 
tating force  exerted  between  the  sun,  and  a  revolving 

phere  with  an  axis  inclined  to  the  plane  of  its  orbit, 

aust   produce   the   observed   succession  of  the   seasons. 

fot  until  this  relation  between   forces  and  phenomena 
been   establishetl,   is   the   law  of    reason    rendered 

oncentric  with  the  law  of  natiu'e  ;  and  not  until  this  is 
^effected  does  the  mind  of  the  scientific  philosopher  rest 
in  peace. 

The  expectation  of  likeness,  then,  in  the  procession  of 

honomena,  is  not  tliat  on  whicli  the  scientific  mind 
founds  its  belief  in  the  order  of  nature.  If  the  force  be 
f«rmanent  the  phenomena  are  neceasaiy,  whether  they 

semble   or  do  not  resemble   anything   that   has  gone 

efore.  Hence,  in  judging  of  the  order  of  nature,  our 
enquiries  eventually  relate  to  the  permanence  of  force. 

Trom  Cralileo  to  Newton,  from  Newton  to  our  own  time, 
er  eyes  have  been  scanning  the  heavens,  and  clear 
beads  have  been  pondering  the  phenomena  of  the  solar 
system.  The  same  eyes  and  minds  have  l)een  also  ob- 
ser\'ing,  experimenting,  and  reflecting  on  the  action  of 
gravity  at  the  siu-face  of  the  earth.  Nothing  has  occurred 
to  indicate  that  the  operation  of  the  law  has  for  a  mo- 
ment been  suspended ;  nothing  has  ever  intimated  that 
ture  has  been  cro^sed  by  spontaneous  action,  or  that  & 
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state  of  things  at  any  time  existed  which   could  not  bt 
rigorously  deduced  from  the  preceding  state. 

Given  the  distribution  of  matter,  and  the  forces 
operation,  in  the  time  of  Galileo,  tlie  competent 
mutician  of  that  day  coidd  prwlict  what  is  now  ikci 
in  our  own.     We  calculate  eclipses  in  advance,  and  &>d 
our  cidctdations  true  to  the  second.     We  determine  li» 
dates  of  those  that  have  occurred  in  the  early  timet  of 
history,  and  tind  calculation  and  history  at  peace.    Ano- 
malies and  perturbations  in  the  planets  have  been  o^ 
and  over  again  observetl ;  but  these,  inst-ead  of  demui 
Btrating  any  inconstancy  on  the  part  of  natural  law,  hv 
invariably  been  reduced  to  consequences  of  that  law. 
stead  of  referring  the  perturbations    of  Uranus    to 
interference  on  the  part  of  the  Author  of  nature  with  t 
law  of  gravitation,  the  question  which  the  astronomer  pi 
posed  to  himself  was,  '  How,  in  accordance  with  this  la' 
«an  the  perturbation  be  produced  ?  '   Guided  by  a  principli 
he  waa  enabled  to  fix  the  point  of  space  in   which,  if 
mass  of  matter  were  placed,  the  observed  pertiu-batio; 
would  follow.     We  know  the  result.     The  practical  as- 
tronomer turned  his  telescope  towards  the  region  whici 
the  intellect  of  the  theoretic  astronomer  had  already 
plored,  and  the  planet  now  named  Xeptune  was  foimd  in 
its  predicted  place.     A  very  respectable  outcome,  it  will 
be  admitted,  of  an  impulse  which  '  re^ts  upon  no  ratio! 
grounds,  and  can  be  traced  to  no  rational    principle;' 
which  possesses  '  no  intellectual  character ; '  which  '  philo- 
sophy '  has  uprooted  from  '  the  groimd  of  reason,'  ui' 
iixed  in  that '  large  irrational  department '  discovered  for 
it,  by  Air.  Mozley,  in  the  hitherto  unexplored  wildemas 
of  the  human  mind. 

The  proper  function  of  the  inductive  principle,  or  the 
belief  in  the  order  of  nature,  says  Jlr.  Mozley,  is  *  to  act 
as  a  practical  basis  for  the  afifairs  of  life,  and  the  carrying 
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on  of  human  society.'  But  what,  it  may  be  asked,  has 
the  planet  Neptune,  or  the  belts  of  Jupiter,  or  the  white- 
ness about  the  poles  of  Mars,  to  do  with  the  aSairs  of 
society?  How  is  society  affected  by  the  fact  that  the 
Bun's  atmosphere  contains  sodiimi,  or  that  the  nebula  of 
Orion  contains  hydrofjen  gas  ?  Nineteen-twentieths  of 
the  force  employed  in  the  exercise  of  the  inductive  prin- 
ciple, which,  reiterates  Mr.  Mozley,  is  '  purely  practical,' 
have  been  expended  upon  subjects  as  unpractical  as  these. 
What  practical  interest  has  society  in  tlie  fact  that  the 
spots  on  the  sun  have  a  decennial  period,  and  that  when 
a  mapfnet  is  closely  watched  for  half  a  century,  it  is  found 
to  perform  small  motions  which  synchronise  with  the 
appearance  and  disappearance  of  the  solar  spots?  And 
yet,  I  doubt  not,  .Sir  Edward  Sabine  Would  deem  a  life  of 
intellectual  toil  amply  rewarded  by  being  privileged  to 
solve,  at  its  close,  these  infinitesimal  motions. 

The  inductive  principle  is  fotmded  in  man's  desire  to 
know — a  desire  arising  from  his  position  among  phenomena 
•which  are  reducible  to  order  by  his  intellect.  The  material 
universe  is  the  complement  of  the  intellect ;  and,  without 
the  study  of  its  laws,  reason  could  never  have  awakened  to 
the  higher  form^  of  self-consciousness  at  all.  It  is  the 
non-ego,  througli  and  Ijy  which  the  ego  is  endowed  with 
self-discernment.  We  hold  it  to  be  an  exercise  of  reason 
to  explore  the  meaning  of  a  universe  to  which  we  stand 
in  this  relation,  and  the  work  we  have  accomplished  is 
the  proper  commentary  on  the  methods  we  have  pureucd. 
Before  those  methods  were  adopted  the  tmbridled  imagina- 
tion roamed  through  nature,  putting  in  the  place  of  law 
the  figments  of  superstitious  dread.  For  thousands  of 
years  witchcraft,  and  magic,  and  miracles,  and  special 
providences,  and  Mr.  Mozlcy's  '  distinctive  reason  of  man,' 
bad  tlie  world  to  themselves.  They  made  worse  than 
nothing  of  it — worse,  I  say,  because  they  let  and  hindered 
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those  who  might  have  made  soroethin"  of  it.  Hence  it 
in,  thiit  during  a  single  lifetime  of  this  era  of '  unintelligent 
impulse,'  the  progress  in  knowledge  is  all  but  infinite  at 
compared  with  that  of  the  ages  which  preceded  ours. 

The  believers  in  magic  and  miracles  of  a  couple  of 
centuries  ago  had  all  the  strength  of  Mr.  Mozley's  preseol 
logic  on  their  side.  They  had  done  for  themselves  what 
he  rejoices  in  having  so  eflectually  done  for  us — cleared 
the  ground  of  the  belief  in  the  order  of  nature,  and  declaret^ 
magic,  miracles,  and  witchcraft  to  l)e  matters  for '  ordinary 
evidence 'to  decide.  'The  principle  of  miracles'  tbu* 
'  befriended '  had  free  scope,  and  we  know  the  resull 
Lacking  that  rock-barrier  of  natural  knowledge  which  wi 
laymen  of  England,  now  possess,  keen  jurists  and  cultivatt-d 
men  were  hurried  on  to  deeds,  tl»e  bare  recital  of  which  ^ 
makes  the  blood  run  cold.  Skilled  in  all  the  rules  of  I 
human  evidence,  and  versed  in  all  the  arts  of  cross-ex- 
amination, these  men,  nevertheless,  went  systematically 
astray,  and  committed  the  deadliest  wrongs  against 
humanity.  And  why  ?  Because  tliey  could  not  put  Nature 
into  the  witness-box,  and  question  hor ;  of  her  voiceless 
'  testimony'  they  knew  nothing.  In  all  cases  betwt-en 
man  and  man,  their  judgment  was  to  be  relied  on ;  hut 
in  all  cases  between  man  and  nature,  they  were  blind 
leaders  of  the  blind.' 

Mr.  Mozley  concedes  that  it  would  be  no  great  result 
if  miracles  were  only  accepted  by  the  ignorant  and  super- 
stitious, '  because  it  is  easy  to  satisfy  those  who  do  not 

■  'In  1664  two  women  were  hung  in  Suffhlk,  under  a  8ent«nce  of  Sir 
MttUhew  Uale,  who  to<jk  the  op[)ormnity  of  dcclnriug  thnt  the  reatily  of 
witchcraft  WM  nmiucstionnhle ;  •■  for  flrxl.  the  Scripturci  hnd  afflrmod  M 
much ;  iind  secondly,  the  wi«lom  of  all  nntiona  had  provided  lftw»  Bgninat 
Buch  person*,  which  is  an  argument  of  their  contidence  of  «ucli  a  crime." 
Sir  Thomna  Browne,  who  was  a  gnat  physician  as  well  as  a  great  writer, 
waa  called  as  a  witne»r,  and  rworc  "  thnt  he  was  clearly  of  opinion  tlint  Iha 
paigoDS  were  bewitched." ' — Lecky'i  Hulory  of  Itationalutn,  vol,  i.  p.  120. 
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enquire'  But  be  does  consider  it  '  a  great  result '  that 
they  have  been  accepted  by  the  fducated.  In  what  sense 
educated?  Like  those  statesmen,  jurists,  and  chiu'ch 
dignitaries  whose  education  was  unable  to  save  them  from 
the  frightful  errors  glanced  at  above?  Not  even  in  this 
i>ense ;  for  the  great  mass  of  ]\Ir.  Jlozley's  educated  people 
bad  no  legal  training,  and  must  have  been  absolutely 
defenceless  against  delusions  which  could  set  even  that 
training  at  naught.  Like  uinc-tcnths  of  our  clergy  at  the 
present  day,  they  were  versed  in  the  literature  of  Greece, 
Rome,  and  Judea ;  but  as  regards  a  knowledge  of  nature, 
which  is  here  the  one  tiling  needfid,  they  were  'noble 
savages,'  and  nothing  more.  In  the  case  of  miracles,  then, 
it  behoves  us  to  understand  the  weight  of  the  negative, 
before  we  assign  a  value  to  the  positive;  to  compreliend 
the  depositions  of  nature  before  we  attempt  to  measure, 
-with  them,  the  evidence  of  men.  We  have  only  to  open 
our  eyes  to  see  what  honest  and  even  intellectual  men 
and  women  are  capable  of,  as  to  judging  evidence,  in  this 
nineteenth  century  of  the  Christian  era,  and  in  latitude 
fifty-two  degrees  north.  The  experience  thus  gained 
ought,  I  imagine,  to  influence  our  opinion  regarding  the 
testimony  of  people  inhabiting  a  sunnier  clime,  with  a 
richer  imagination,  and  without  a  particle  of  that  restraint 
which  the  discoveries  of  physical  science  liave  imposed 
upon  mankind. 


Having  thus  submitted  Mr.  Mozley's  views  to  the  ex- 
amination which  they  challenged  at  the  hands  of  a  student 
of  nature,  1  am  imwilliiig  to  quit  his  book  without  ex- 
pressing my  high  admiration  and  respect  for  his  ability. 
His  failure,  a.«  I  consider  it  to  be,  must,  I  think,  await  all 
attempts,  however  able,  to  deal  with  tlie  material  imiverse 
by  logic  and  imagination,  imaided  by  experiment  and 
observation.     With   regard  to  the  style   of  the  book,  t 
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villtBglj  subsciibe  to  t]i«  description  with  which  the 
'  Tiines '  winds  up  iu  able  aad  appceciative  review.  '  It 
is  marked  throughoat  with  the  most  serioos  and  earnest 
oaQTiedoOf  bnt  ii  without  a  aii^le  word  from  first  to  last 
of  aaperitj  or  inrinnatioa  against  opponents,  and  this  not  i 
from  any  deficiencj  of  feeling  as  to  the  importance  of  tie  { 
ianie,  but  from  a  deliberate  and  resolutely  maintained 
■el{H»>ntrol,  and  from  an  over-mling,  ever-present  sen^ 
of  the  duty,  on  themes  like  these,  of  a  more  than  judicial 
calmness.' 

[To  the  argument  regarding  the  quantity  of  the  mira- 
enloQB,  introduced  at  page  387,  >lr.  Mozley  has  done  me 
the  honour  of  publishing  a  Reply  in  the  seventh  volume 
of  the  » Contemporary  Renew.' — J.  T.] 
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AuoxG  the  scraps  of  manuscript.,  written  at  tlie  time 
when  Mr.  Mozley's  work  occupied  my  attention,  I  iind  the 
following  reflections : — 

With  regard  to  the  influence  of  modem  science  which 
Mr.  Moiley  rates  so  low,  one  obvious  efifect  of  it  is  to 
enhance  the  magnitude  of  many  of  the  recorded  miracles, 
and  to  increa^^e  proportionably  the  diflSculties  of  belief. 
The  ancients  knew  but  little  of  the  vastness  of  the  universe. 
The  Rev.  Mr.  Kirkman,  for  example,  has  shown  what  in- 
adequate notions  the  Jews  entertained  regarding  the 
'  firmament  of  heaven ; '  and  l*rofessor  Aiiy  refers  to  the 
caso  of  a  Greek  philosopher  who  was  persecuted  for 
hazarding  the  assertion,  then  deemed  monstrous,  that  the 
sun  might  be  as  large  as  the  whole  country  of  Greece. 
The  concerns  of  a  universe,  rejjurded  from  this  point  of 
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Iw,  were  much  more  commensurate  with  man  and  his 
cems  than  those  of  the  universe  which  science  now 
eals  to  us ;  and  hence  that  to  suit  man's  purposes,  or 
^^t  in  compliance  with  liis  prayers,  changes  should  occur 
^fetbe  order  of  the  universe,  was  more  easy  of  belief  in 
^lie  ancient  world  than  it  can  be  now.  In  the  very  magni- 
^ide  which  it  assigns  to  natural  phenomena,  science  has 
pigmented  the  distance  between  them  and  man,  and  in- 
^n'eased  the  popular  belief  in  their  orderly  progression. 

»As  a  natural  coD8e<iuence  the  demand  for  evidence  is 
►re  exacting  than  it  used  to  he,  whenever  it  is  affirmed 
It  the  order  of  natm:e  lias  been  disturbed.     Let  us  take 
an  illustration  the  miracle  b}*  which  the  victory  of  Joshua 
over  the  Amorites  was  rendered  complete.      In  this  case 

B|9  sun  is  reported  to  have  stood  still  for  '  a  whole  day ' 
upon  Gibeon,  and  the  moon  in  the  valley  of  Ajalon.  An 
Englishman  of  average  education  at  the  present  day  would 
naturally  demand  a  greater  amount  of  evidence  to  prove 
that  this  occurrence  took  place,  than  would  have  satisfied 
an  Israelite  in  the  age  succeeding  that  of  Joshua.  For, 
to  the  one,  the  miracle  probably  consisted  of  the  stoppage 

H|  a  fiery  ball  less  than  a  yard  in  diameter,  while  to  tlie 

^Rher  it  would  be  the  stoppage  of  an  orb  fourteen  hundred 
thousand  times  the  earth  in  size.     And  even  accepting 

^pe  interpretation  tliat  Josliua  dealt  with  what  was  apparent 
merely,  but  that  what  really  occurred  was  the  suspension  of 
the  earth's  rotation,  I  think  the  right  to  exercise  a  greater 
reserve  in  accepting  the  miracle,  and  to  demand  stronger 
evidence  in  support  of  it  than  that  which  woidd  have 
eatisfied  an  ancient  Israelite,  or  than  that  which  would 
now  satisfy  the  archaic  editor  of  the  '  Dublin  Review,'  will 
etill  be  conceded  to  a  man  of  science. 

There  is  a  scientific  as  well  as  a  historic  imagination  ; 
and  when,  by  the  exercise  of  the  former,  the  stoppage  of 
the  earth's  rotation  is  clearly  realised,  the  event  assumes 


400 


FRAaMEKTS   OP  SCIEXCE. 


proportions  so  vast,  in  comparison  with  the  result  U) 
obtained  by  it,  that  belief  reels  under  the  reflection.  TV 
energy  here  invulved  is  equal  to  that  of  six  trillions  dm 
horses  working  for  the  whole  of  the  time  employed 
Joshua  in  the  destruction  of  his  foes.  The  amount 
power  thus  expended  would  be  sufficient  to  suri ' 
individual  of  ah  army  a  thousand  times  tlie  st ;  _  f| 
that  of  Joshua,  with  a  thousand  times  the  lighting 
of  each  of  Joshua's  soldiers,  not  for  the  few  hours  ne 
to  the  extinction  of  a  liandful  of  Amorites,  but  for  million 
of  years.  All  this  wonder  is  silently  passed  over  bjrl 
sacred  historian,  confessedly  because  he  knew  notbiil 
about  it.  M'liether,  therefore,  we  consider  the  miracle  I 
purely  evidential,  or  as  a  practical  means  of  vengeano 
the  same  lavish  squandering  of  energy  stares  us  in 
face.  If  evidential,  the  energy  was  wasted,  because  tl 
Israelites  knew  nothing  of  its  amount ;  if  simply 
structive,  then  the  ratio  of  the  quantity  lost  to 
employeil,  may  Ik?  inferred  from  the  foregoing  figures. 

To  other  miracles  similar  remarks  apply.  Transferrin 
o\u:  thoughts  from  tliis  little  sand-gniin  of  an  earth  to  ti 
immetisuritlile  heavens,  where  countless  worlds  with  freigh 
of  life  probably  revolve  unseen,  the  very  suns  which  wan 
them  being  barely  %isible  across  abysmal  space ;  reflectii 
that  beyond  these  sparks  of  solar  fire,  sims  innumerali 
may  burn,  whose  light  can  never  stir  the  optic  nerve  ! 
and  bringing  these  reflections  face  to  face  with  the  i^ 
tlie  Huilder  and  Sustainer  of  it  all  showing  Himself  in! 
burning  bush,  exhibiting  His  hinder  parts,  or  bchav 
in  other  familiar  ways  ascribed  to"  Him  in  the  Je^ 
ish  Scriptures,  tlie  incongruity  must  appear.  Did 
credulous  prattle  of  the  ancients  about  miracles 
alone;  were  it  not  associated  with  words  of  impena 
able  wisdom,  and  witli  examples  of  moral  g^nndeur 
matchc<I   elsewhere   in   the  history  of  the  human 
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fbth  the  miracles  and  their  '  evidences '  woidd  have  long 
since  ceasetl  to  be  the  transmitted  inheritance  of  intelligent 
men.  Influenced  by  the  thoughts  wliich  this  universe 
inspires,  well  may  we  exclaim  in  David's  spirit,  if  not  in 
David's  words :  '  When  I  consider  the  heavens,  the  work 
of  tliy  fingers,  the  moon,  and  the  stars,  which  thou  hast 
ordained  ;  what  is  man  that  thou  shouldst  he  mindful  of 
him,  or  the  son  of  man  that  thou  shouldst  so  regard  him  ? ' 
If  you  ask  me  who  is  to  limit  the  outgoings  of  Almighty 
power,  my  answer  is,  not  I.  If  you  should  urge  that  if 
tbe  Builder  and  the  JIaker  of  this  universe  chose  to  stop 
the  rotation  of  the  earth,  or  to  take  the  form  of  a  burning 
bush,  there  is  nothing  to  prevent  Him  from  doing  so,  I  am 
not  prepared  to  contradict  you.  I  neither  agree  with  you 
nor  differ  from  you,  for  it  is  a  subject  of  which  I  know 
nothing.  Kut  I  observe  that  in  sucli  <juestions  regarding 
Almighty  power,  your  enquiries  rehite,  not  to  that  power 
as  it  is  actually  displayed  in  tbe  universe,  but  to  the 
power  of  your  owu  imagination.  Yoiu:  question  is,  not 
has  the  Omuipotcnt  done  so  and  so  ?  or  is  it  in  the 
least  degree  likely  tliat  the  Omnipotent  sliould  do  bo 
and  so?  but,  is  my  imagination  competent  to  picture  a 
Being  able  and  willing  to  do  so  and  so  ?  I  am  not  pre- 
pared to  deny  your  competence.  To  the  human  mind 
belongs  the  faculty  of  enlarging  and  diminishing,  of  dis- 
torting and  combining,  indefinitely  the  objects  revealed 
by  the  senses.  It  can  imagine  a  mouse  as  large  as 
an  elephant,  an  elephant  as  large  as  a  mountain,  and  a 
mountain  as  high  as  the  stars.  It  can  separate  congruities 
and  imite  incongruities.  We  see  a  fish  and  we  see  a 
woman  ;  we  can  drop  one  half  of  each,  and  unite  in  idea 
the  other  two  halves  to  a  mermaid.  We  see  a  horse  and 
we  see  a  man  ;  we  are  able  to  drop  one  half  of  each,  and 
unite  the  otlrer  two  halves  to  a  centaur.  Thus  also  the 
pictorial  representations  of  the  Deity,  the  bodies  and  win^ 
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of  cherubs  and  seraplis,  the  hoofs,  horns,  and  tail  of  tk 
Evil  One,  the  joys  of  the  Llesstxl,  and  the  torments  <if  tlif 
damned,  have  been  elaborated  from  materiala  furnislieii  tu 
the  imagination  by  the  senses.  And  it  behoves  you  ud 
me  to  take  caie  tbat  our  notions  of  the  Power  which  niin 
the  univerwi  are  not  mere  fanciful  or  ignorant  enlarge- 
ments of  human  ""  labilities  of  what  you  call 
your  reason  are  i  be  exercise  of  the  facul^ 
here  adverted  to,  ►  to  yourself  a  Being  »Me 
and  willing  to  dc  conceivable  thing.  Vou 
are  right  in  sayii  tiou  to  tliis  Power  scieoct 
is  of  no  avail.  [ild  cull  it  'a  weapon  <>f 
air.'  The  mun  per,  while  accepting  Uk 
figure,  would  proi  fipplication ,  thinking  it  ii 
not  science  which  ng  of  air,  but  that  unsul»- 
stantial  pageant  of  the  imagination  to  which  the.eolidii; 
of  science  is  opposed. 


■100 


III. 

SCJEXTIIIC  MATHJilALISM. 
1868. 

IE  celebrated  Fichte,  in  his  lectures  on  the  '  Voca- 
tion of  the  Scholar,'  insisted  on  a  culture  whicli  should 
5t  be  oue-Bidwl,  but  all-sided.    Tlie  scholars  intellect  was 
I  expand  spherically,  and  not  in  a  single  direction  only.    In 
ae  direction,  however,  Fichte  required  that  the  scholar 
loidd  apply  himself  directly  to  nature,  beciiine    a  creator 
knowledge,  and  thus  repu}-,  by  ojigiual  laboiu-s  of  his 
the  imuienee  debt  he  owed  to  the  labours  of  others, 
was  these  which  enabled  hira  to  supplement  the  know- 
«lge  derived  from  his  own  resesircbes,  so  as  to  render  his 
Iture  rounded  and  not  one-sided. 

As  regai-ds  science,  F'ichte's  idea  is  to  some  extent 
Instrated  by  the  constitution  and  labours  of  the  British 
BAiciation.  We  have  here  a  body  of  men  engaged 
the  pursuit  of  Natural  Knowledge,  but  variously 
jed.  While  sympathising  with  each  of  its  depart- 
lents,  and  supplementing  bis  culture  by  knowledge 
iwn  from  all  of  them,  each  student  amongst  us  selects 
one  subject  for  the  exercisi^  of  his  own  original  faculty — 
one  line,  along  which  he  may  carry  tlte  light  of  his  private 
intelligence  a  little  waj'  into  the  darkness  by  wliich  all 
knowledge  is  stjrroimded.  Tims,  the  geologist  deals  with 
the  rocks;  tiie  biologist  with  the  conditions  and  pheno- 
mena of  life ;  tlie  astronomer  with  stellar  masses  and 
motioBJi :    the     matliematician     with     tlic     relatione    u( 
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Seen  long  accustomwl  w 
leiibtle  a  natural  pticit»' 


space  and  niimher ;  tlie  chemist  pursues  his  atoms ;  «yi 
the  physical  investigator  has  his  own  larg-e  field  in  optiol, 
thermal,  electrical,  acoustical,  and  other  phenonusa. 
The  British  Aeaociation  then,  as  a  whole,  faces  pbvsal 
nature  on  sill  sides,  and  pushes  knowledge  ceatrifugsllf 
outwards,  the  siun  of  its  labours  constituting  what  Fidltr 
might  call   the       '  '       '  ral   knowledge.    la  tk 

meetings  of  the  R  found  necessary  to  re- 

solve this   spher  oncQt  parts,  which  take 

concrete  form  ui  te  letters  of  our  SectiMf. 

This    is    the  Ikud    Physical    Sectiot- 

Mathemaiicg  anc 
coalesce.     For, 
menon  may  be,  fare  it  in  the  region  d 

sense,  or  follow  1  Emagination,  it  is  in  tlie 

long  run  reducible  to  mechanical  law -a.  But  the  me- 
chanical  data  once  guessed  or  given,  mathematics  become 
all-powerful  as  an  instrument  of  deduction.  The  com- 
mand of  Geometry  over  the  relations  of  space,  and  the  far- 
reaching  power  which  Analysis  confers,  are  potent  both  a 
means  of  physical  discovery,  and  of  reaping  the  entire 
fruits  of  discovery.  Indeed,  without  mathematics,  ei- 
pressed  or  implied,  our  knowledge  of  physical  scienei 
would  be  both  friable  and  incomplete. 

Side  by  side  with  the  mathematical  method  we  have 
the  method  of  experiment.  Here,  from  a  starting-point 
furnished  by  his  own  researches  or  those  of  others,  tha 
investigator  proceeds  by  combining  intuition  and  veri- 
fication. He  ponders  the  knowledge  he  possesses,  ami 
tries  to  push  it  further ;  he  guesses,  and  checks  his  guess; 
he  conjectures,  and  confirms  or  explodes  his  conjecture. 
These  guesses  and  conjectures  are  by  no  means  leaps  ia 
the  dark ;  for  knowledge  once  gained  casts  a  faint 
light  beyond  its  own  immediate  boundaries.  There  is  no 
discovery   so   limited   as   not    to    ilkmnmate    something 
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fond  itself.     Tlie  force  of  intellectual  penetration  into 
is  penumbral  region  which  surrounds  actual  knowledge 
^Dot,  as  some  seem  to  think,  dependent  upon  method. 
It  upou  the  genius  of  the  investigator.     There  is,  how- 
Br,  no  genius  so  gifted  as  not  to  need  control  and  veri- 
ition.     The  profouudest  minds  know  best  that  Nature's 
^8  are  not  at  all  times  their  ways,  and  that  the  bright- 
flashes  in  the  world  of  thoiight  are  incomplete  until 
have  been  proved  to  have  their  counterparts  in  the 
rid  of  fact.     Thus  the  vocation  of  the  true  experiment- 
may  be  defined  as  the  continued  exercise  of  spiritual 
igbt,  and  its  incessant  correction  and  realisation,     liis 
tperiments  constitute  a  Iwdy,  of  which  his  puritied  in- 
^Uiitions  are,  as  it  were,  the  soul. 

^b   Partly  through  mathematical  and  partly  tlirough  ex- 
'perimentul  research,  physical  science  has,  of  late  years,  as- 
sumed a  momentous  position   in  the  world.     Both  in  a 
material   and   in   an    intellectual    point   of  "view  it  has 
^hoduced,  and  it  is  destined  to  produce,  immense  change* 
^^Tast  social    ameliorations,  and  vast  alterations  in  the 
Hbpular  concept  ion  of  the  origin,  nde,  and  governance  of 
natural  things.     By  science,  m  the  physical  world,  mira- 
cles are  wrought,  while  philosophy  is  forsaking  its  ancient 
metaphysical  channels,  and  pursuing  others  which  have 
been  opened,  or   indicated,  by  scientific   research.     This 
must  become    more   and  more  the  case  as  philosophical 
writers  become  more  deeply  imbued  with  the  methods  of 
science,  better  acquainted  with  tlie  facts  which  scientific 
men  have  established,  and  with  the  great  theories  which, 
they  have  elaborated. 

If  you  look  at  the  face  of  a  watch,  you  see  the  hour 
and  minute-hands,  and  possibly  also  a  second-hand, 
moving  over  the  graduated  dinl.  Why  do  these  hands 
move  ?  and  why  are  their  relative  motions  such  as  they 
are  observed  to  be  ?     These  questions  cannot  be  answered 
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■without  opening  the  watch,  mastering  its  various 
and  ascertaining  their  relationship  to  each  otlier.     Wl 
this  is  done,  we  find  that  the  observed   motion  of 
hands  follows  of  necessity  from  the  inner  meclmnigm 
the  watch,  when  acted  upun  by  the  force  invested  in 
spring. 

The  motion  of  the  hands  may  be  called  a  phenomenon 
of  art,  but  t!ie  case  is  similar  with  the  phenomena  of 
nature.  These  also  have  their  inner  mechanism,  and  their 
store  of  force  to  set  that  mechanism  going.  The  ultimate 
problem  of  physical  science  is  to  reveal  this  mechanism, 
to  discern  this  store,  and  to  show  that  from  the  combined 
action  of  botli,  the  phenomena  of  which  tliey  constitute 
the  basis  must,  of  necessity,  flow. 

I  thougiit  an  attempt  to  give  you  even  a  brief  and 
sketchy  illustration  of  the  manner  in  which  (scientific 
thinkers  regard  tliis  problem,  woidd  not  bo  iminteresting 
to  you  on  the  present  occasion  ;  more  especially  as  it  will 
give  me  occasion  to  say  a  word  or  two  on  the  tendencies 
and  limits  of  modern  science ;  to  point  out  the  region 
which  men  of  science  claim  as  their  own,  and  where  it  is 
mere  waste  of  time  to  oppose  their  advance ;  and  also  to 
detine,  if  possible,  the  bourne  between  this  and  that  other 
region,  to  which  the  questionings  and  yearnings  of 
scientific  intellect  are  directed  in  vain. 

But  here  your  tolerance  will  be  needed.  It  was 
American  Emerson,  I  think,  who  said  that  it  is  hardly 
possible  to  state  any  truth  strongly,  without  apparent  in- 
justice to  some  other  truth.  Truth  is  often  of  a  dual 
character,  taking  the  form  of  a  magnet  with  two  poles ; 
and  many  of  the  differences  which  agitate  the  thinking 
part  of  mankind  are  to  be  trace<i  to  the  exclusiveness  witii 
which  partisan  reasoners  dwell  upon  one  half  of  i^M 
duality,  in  forgctfidness  of  the  other.  Tlie  proper  coun« 
appears  to  be   to   state    botli  halves  strongly,  and  alio' 
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each  its  fair  share  in  the  formation  of  the  resultant  con- 
viction. But  this  waiting  for  the  statement  of  the  two 
sides  of  a  question  implies  patience.  It  implies  a  re- 
solution to  suppress  indignation,  if  the  statement  of  the 
one  half  should  clash  with  our  connctions ;  and  to  repress 
equally  undue  elation,  if  the  half-statement  sliould  happen 
to  chime  in  with  our  views.  It  implies  a  determination 
to  wait  calmly  for  the  statement  of  the  whole,  before  we 
pronounce  judgment  in  the  form  of  either  acquiescence  or 
dissent. 

This  premised,  and  I  trust  accepted,  let  us  enter 
upon  our  task.  There  have  been  writers  who  affirmed  that 
the  pyramids  of  Egypt  were  natural  productions  ;  and  in 
liiB  early  youth  Alexander  von  Humboldt  wrote  a  learned 
essay  with  the  express  object  of  refuting  this  notion.  We 
now  regard  the  pyramids  as  t!ic  work  of  men's  bands, 
aided  probably  by  machinery  of  which  no  record  remains. 
We  picture  to  ourselves  the  swarming  workers  toiling  at 
those  vast  erections,  lifting  the  inert  stones,  and,  guided 
by  the  volition,  the  skill,  and  possibly  at  times  by  the  whip 
of  the  architect,  placing  them  in  their  proper  positions. 
The  blocks,  in  this  case,  were  movetl  and  posited  by  a 
power  external  to  themselves,  and  the  final  form  of  the 
pyramid  expressed  the  thought  of  its  hiunan  builder. 

Let  us  pass  from  this  illustration  of  constructive 
power  to  another  of  a  different  kind.  When  a  solution  of 
common  salt  is  slowly  evaporated,  the  water  which  holds 
the  salt  in  solution  disappears,  hut  the  salt  itself  remains 
behind.  At  a  certain  stage  of  concentration  the  salt  can 
no  longer  retain  the  liquid  form ;  its  particles,  or  mole- 
culep,  as  they  are  called,  begin  to  deposit  themselves  as 
minute  solids,  so  minut«,  indeed,  as  to  defy  all  micro- 
scopic power.  As  evaporation  continues,  solidification 
goes  on,  and  we  finally  obtain,  through  the  clustering  to- 
gether of  innumerable  molecides,  a  finite  crystalline  mass 
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of  a  definite  form.  Wliat  is  this  farm  ?  It  sometinies 
seems  a  mimicry  of  tbe  arcbitectiiro  of  EgypL  We  have 
little  pyramids  built  by  tbe  salt,  terrace  above  t«na» 
from  liase  to  apex,  forming  a  series  of  step*,  rewtmWint; 
those  \ip  wliicli  tbe  Egyptian  traveller  is  dntgged  by  bi* 
^;uides.  The  liumtia  mind  is  as  little  dupo^ed  to  look  a» 
questioning  at  f  besfl  nvramiHal  Mvlt-cryetols,  as  to  look  Ik 


the  pyramids  ( 
came.  How,  t' 
Guided  by  i 
swarm  iDg  amo; 
there  i^  an  invi 
some  inviiible 
their  positions. 
Qor  do  1  tliink  *< 


;  enquiring;  whence  titf 
-pymmida  built  up? 
if  you  like,  suppose  Unt, 
It  molecules  of  tbe  nit, 
K>n trolled  and  coerwd  hf 
Qg  tbe  atomic  blockii  in 
is  not  the  scientific  ido, 
will  accept  it  aa  a  likelj 
one.  The  sciontiac  lui^u  is,  iimg  the  molecules  act  upon 
each  other  without  the  intervention  of  slave  labour ;  that 
they  attract  each  other,  and  repel  each  other,  at  «ertain 
definite  points,  or  poles,  and  in  certain  definite  directions; 
and  that  the  pyramidal  form  is  the  result  of  this  play  of 
attraction  and  repulsion.  While,  then,  tbe  blocks  of 
Egypt  were  laid  down  by  a  power  external  to  themselves, 
these  molecular  blocks  of  salt  are  self-posited,  being  fixed 
in  their  places  by  the  forces  with  which  they  act  upon 
each  other. 

I  take  comm6n  salt  as  an  illustration,  because  it  is  m 
familiar  to  us  all ;  but  any  other  crystalline  substance 
would  answer  my  purpose  equally  well.  Everywhere,  in 
fact,  throughout  inorganic  nature,  we  have  this  formative 
power,  as  Fichte  would  call  it — this  structural  energy 
ready  to  come  into  play,  and  build  the  ultimate  particles 
of  matter  into  definite  shapes.  The  ice  of  our  winters, 
and  of  our  polar  regions,  is  its  handiwork,  and  so  also 
are  the  quartz,  felspar,  and  mica  of  our  rocks.  Our,  chalk- 
beds  are  for  the  most  part  composed  of  minute  shells, 
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which  are  also   the  product  of  structural  enei^ ;    but 
behind  the  shell,  as  a  wliole,  lies  a  more  remote  and  subtle 

Ex ative  act.  Tlie,se  shells  are  built  up  of  little  crystals 
Ic-spar,  and,  to  form  these  crystals,  the  structural  force 
to  deal  with  tlie  intangible  molecules  of  carbonate  of 
le.  This  tendency  on  the  part  of  matter  to  organise 
to  grow  into  shape,  to  assume  definite  forms  in 
obedience  to  the  definite  action  of  force,  is,  as  I  have 
said,  all-pervading.  It  is  in  tlie  ground  on  which  you 
tread,  in  the  water  you  drink,  in  the  air  you  breathe. 
Incipient  life,  as  it  were,  manifests  itself  throughout  the 
whole  of  what  we  call  inorgiuiic  nature. 

The  forms  of  the  minerals  resulting  from  this  play  of 
polar  forces  are  various,  and  exhibit  different  degrees  of 
complexity.  Men  of  science  avail  themselves  of  all 
possible  means  of  exploring  their  molecular  architecture. 
For  this  purpose  they  employ  in  turn,  as  agents  of  ex- 
ploration, light,  heat,  magnetism,  electricity,  and  sound. 
Polarised  light  is  especially  useful  and  powerful  here.  A 
beam  of  such  light,  when  sent  in  among  the  molecules  of 
a  crystal,  is  acted  on  by  them,  and  from  this  action  we 
infer  with  more  or  less  clearness  the  manner  in  which 
the  molecules  are  arranged.  Tliat  diflerences,  for  ex- 
ample, exist  between  the  imier  structure  of  rock-salt  and 
crystallised  sugar  or  sugar-candy,  is  thus  strikingly  re- 
vealed. These  actions  often  display  tliemselves  in  cliro- 
■^tic  phenomena  of  great  splendour,  the  play  of  mole- 
cular force  being  so  regulated  as  to  remove  some  of  the 
coloured  constituents  of  white  light,  leaving  others  with 
increased  intensity  l;ebind. 

IL  And  now  let  us  pass  from  what  we  are  accustomed  to 
^gard  as  a  dead  mineral,  to  a  living  grain  of  com.  When 
this  is  examined  by  polarised  light,  chromatic  plienomena 
similar  to  those  noticed  in  erj'stals  are  observed.  And 
■  ?     Because  the  architectiure  of  the  grain  resembles  the 
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architecture  of  the  crystal.  In  the  grain  also  the  mole- 
cules are  set  in  definite  positions,  and  in  accordance  witi 
their  arrangement  they  act  upon  the  light.  But  what 
has  built  together  the  molecules  of  the  com  ?  Regarding 
crystalline  architecture,  I  have  already  said  that  you  may, 
if  you  please,  consider  the  atoms  and  molecules  to  be 
placed  in  position  by  a  power  external  to  themselvcc 
The  same  hypothesis  is  open  to  you  now.  But  if  in  the 
of  crystals  you  have  rejected  this  notion  of  an  ext«nuil 
architect,  I  tliink  you  are  boxuid  to  reject  it  now,  and  to 
conclude  that  tlie  molecules  of  the  com,  also,  are  posited 
by  the  forces  with  which  they  act  upon  each  other.  It 
would  be  poor  philosophy  to  invoke  an  external  agent 
in  the  one  case,  and  to  reject  it  in  the  other. 

Instead  of  cutting  our  grain  of  com  into  slices  and 
subjecting  it  to  the  action  of  polarised  light,  let  us  place 
it  in  the  earth,  and  subject  it  to  a  certain  degree  of 
warmth.  In  other  words,  let  the  molecules,  both  of  the 
corn  and  of  the  siurounding  earth,  be  kept  in  that  state 
of  agitation  which  we  call  heat.  Under  these  circum- 
stances, the  grain  and  the  substances  which  surround  it 
interact,  and  a  definite  molecular  architectm"e  is  the  residt. 
A  bud  is  formed ;  this  bud  reaches  the  surface,  where 
it  is  exposed  to  the  sun's  rays,  which  are  also  to  be 
reg;arded  as  a  kind  of  vibratory  motion.  And  as  the 
motion  of  common  heat,  with  which  the  grain  and  the 
substances  surrounding  it  were  first  endowed,  enabled  the 
grain  and  these  substances  to  exercise  their  mutual  attrac- 
t  ions  and  repulsions,  and  thus  to  coalesce  in  definite  forms, 
so  the  specific  motion  of  the  sun's  rays  now  enables  the  greeu 
bud  to  feed  upon  the  carbonic  acid  and  the  afjueous  vapour 
of  the  air.  The  bud  appropriates  those  constituents  of 
both  for  which  it  has  an  elective  attraction,  and  permits 
the  other  constituent  to  resume  its  place  in  the  atmosphere. 
Thus  tho  lu-chitecture  is  caiTied  on.     Forces  are  ao 
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root,  forces  are  active  in  the  blade,  the  matter  of  the 

rth  and  the  matter  of  the  atmosphere  are  drawn  towards 

root  and  bhide,  and  the  phint  augments  in  size.     We 

fcve  in  succession  the  st-alk,  the  car,  the  full  com  in  the 

' ;  the  cycle  of  molecular  action  being  completed  by  the 

luction  of  grains,  similar  to  that  with  which  the  process 


Now  there  is  nothing  in  this  process  which  necessarily 
les  the  conceptive  or  imagining  power  of  the  himian 
mind.  An  intellect  the  same  in  kind  as  our  own  woidd, 
if  only  sufficiently  expanded,  be  able  to  follow  the  whole 
process  from  beginning  to  end.  It  would  see  every  mole- 
cule placed  in  its  position  by  the  specific  attractions  and 
repulsions  exerted  between  it  and  other  molecules,  the 
■whole  process,  and  its  consummation,  being  an  instance  of 
the  play  of  molecular  force.  Given  the  grain  and  its 
environment,  the  purely  human  intellect  might,  if  suffi- 
ciently expanded,  trace  out  it  priori  every  step  of  the 
process  of  growth,  and,  liy  the  application  of  purely 
meclianical  principles,  demonstrate  that  the  cycle  must 
end,  as  it  is  seen  to  end,  in  the  reproduction  of  forms  like 
that  witli  which  it  began.  A  necessity  rides  liere,  similar 
to  that  which  rules  the  planets  in  their  circuits  round  the 
sun. 

You  will  notice  that  I  am  stating  the  truth  strongly, 
as  at  the  beginning  we  agreed  it  should  be  stated.  But  I 
must  go  still  further,  and  affirm  that  in  the  eye  of  science 
the  anivial  body  is  just  as  much  the  product  of  molecular 
force  as  the  stalk  and  ear  of  com,  or  as  the  crystal  of  salt 
or  sugar.  Many  of  the  parts  of  the  body  are  obviously 
mechanical.  Take  the  human  heart,  for  example,  with  its 
system  of  valves,  or  take  the  exquisite  mechanism  of  the 
eye  or  hand.  Animal  heat,  moreover,  is  the  same  in  kind 
as  the  heat  of  a  fire,  being  produced  by  the  same  chemical 
process.     Animal  motion,  too,  is  as  directly  derived  from 

an 
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^tbe  food  of  the  animal,  as  the  motion  of  TreTethyck'i 
ag-engine  from  the  fuel  in  its  furnace.  As  legaids 
mattex,  the  animal  body  creates  nothing ;  as  regards  force, 
it  creates  nothing.  \Miich  of  you  by  taking  thought  can 
add  one  cubit  to  his  ptatunj  ?  All  that  has  been  said, 
then,  regarding  the  plant,  may  be  restated  with  regard  to 

tje  animaL  Every  particle  that  enters  into  the  compod- 
f"tion  of  a  muscle,  a  nerve,  or  a  bone,  has  been  placed  in 
its  position  by  molecidar  force.  And  unless  the  existence 
of  law  in  these  matters  be  denied,  and  the  element  of 
caprice  introduced,  we  must  conclude  that,  given  the  re- 
lation of  any  molecule  of  the  body  to  its  en>ironmeDt, 
its  position  in  the  body  might  be  determined  mathe- 
matically. Our  difficulty  is  not  witb  the  quality  of  the 
problem,  but  vrith  its  compltJcUy ;  and  this  difficidty 
might  be  met  by  the  simple  expansion  of  the  faculties  we 
now  possess.  Given  this  expansion,  with  the  necessary 
molecular  data,  and  the  chick  might  be  deduced  as 
rigorously  and  as  logically  from  the  egg,  as  the  existence 
of  Neptune  from  the  disturbances  of  Uranus,  or  as  conical 
refraction  from  the  midulatory  theory  of  light. 

You  see  I  am  not  mincing  matters,  but  avowing 
nakedly  what  many  scientific  thinkers  more  or  less  dis- 
tinctly believe.  The  formation  of  a  crystal,  a  plant,  or 
an  animal,  is,  in  their  eyes,  a  purely  mechanical  problem, 
which  differs  from  the  problems  of  ordinary  mechanics,  in 
the  smallness  of  the  masses,  and  the  complexity  of  the 
processes  involved.  Here  you  have  one  half  of  our  dual 
truth ;  let  us  now  glance  at  the  other  half.  'Associated 
with  this  wonderfid  mechanism  of  the  animal  body 
have  phenomena  no  less  certain  than  those  of  physics,  b 
between  which  and  the  mechanism  we  discern  no  neces 

ry  connection.     A  man,  for  example,  can  say  *  I  feel, 

think,'  '  I  love ; '  but  how  does  consciousness  infiise 

jfcwlf  into  fcl"»  "'oblem  ?    The  human  brain  is  said  to  ba 
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ie  organ  of  thought  and  feeling :  when  we  are  hurt,  the 
in  feels  it ;  when  we  ponder,  it  is  the  brain  that  thinks ; 
rhen  our  passions  or  affections  are  excited,  it  is  through 
le  instrumentality  of  the  brain.  Let  us  endeavour  to 
!  a  little  more  precise  here.  I  hardly  imagine  there  exists 
profound  scientific  thinker,  who  has  reflected  upon  the 
abject,  imwilling  to  admit  the  extreme  probability  of  the 
liypothesis,  that  for  every  fact  of  consciousnems,  whether 
the  domain  of  sense,  of  thought,  or  of  emotion,  a 
lefinite  molecular  condition,  of  motion  or  structure,  is  set 
in  the  brain ;  or  wlio  would  be  disposed  even  to  deny 
it  if  the  motion,  or  structure,  be  induced  by  internal 
iuses  instead  of  external,  the  effect  on  consciousness  will 
be  the  same  ?  Let  any  nerve,  for  example,  be  thrown  by 
morbid  action  into  the  precise  state  of  motion  which 
would  be  commiuiicated  to  it  by  the  pulses  of  u  heated 
body,  surely  that  nerve  will  declare  itself  hot — the  mind 
will  accept  the  subjective  intimation  exactly  as  if  it  were 
objective.  The  retina  may  be  excited  by  purely  me- 
chanical means.  A  blow  on  the  eye  causes  a  luminous 
flash,  and  the  mere  pressure  of  the  finger  on  the  external 
ball  produces  a  star  of  light,  which  Newton  compared  to 
the  circles  on  a  peacock's  tail.  Disease  makes  people 
see  visions  and  dream  dreams ;  but,  in  all  such  cases, 
could  we  examine  the  organs  implicated,  we  should,  on 
philosophical  grounds,  expect  to  find  them  in  that  pre- 
cise molecular  condition  which  the  real  objects,  if  present, 
would  superinduce. 

The  relation  of  physics  to  consciousness  being  thus 
invariable,  it  follows  that,  given  the  state  of  the  brain, 
the  corresponding  thought  or  feeling  might  be  inferred : 
or,  given  the  thought  or  feeling,  the  corresponding  state 
of  the  brain  might  be  inferred.  But  how  inferred  ?  It 
woidd  be  at  bottom  not  a  case  of  logical  inference  at  all. 
but  of  empirical  association.     You  may  reply,  that  many 
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le.     I  think  the  materialist  will  he  ahle  finally  to  main- 
this  position  against  all  attacks  ;  but  I  do  not  think, 
the  present  condition  of  tlie  huniiin  mind,  that  he  can 
beyond  this  position.     I  do  not  think  he  is  entitled 
say  tliat  his  molecular  groupings,  and  motions,  explain 
yerytlutig.       In    reality  they    explain    nothing.      The 
Itmost  he  can  affiim  is  the  association  of  two  classes  of 
lenomena,  of  whose  real  bond  of  union  he  is  in  absolute 
lorance.     The  problem  of  the  connection  of  body  and 
Bul  is  as  insoluble,  in  its  modern  form,  as  it  was  in  the 
re-8cientitie  ages.     Phosphorus  is  known  to  enter  into 
iie  composition   of  the  human  brain,  and  a   trencliant 
German   writer  has    exclaimed,   '  Ohne   Phosphor,   kein 
redanke  I '     Tliat  may  or  may  not  be  the  case ;  but  even 
we  knew  it  to  be  the  case,  the  knowledge  would  not 
;hten   our  darkne-s.     On  both  sides  of  the  zone  here 
signed  to  the  materialist  he  is  equally  helpless.     If  you 
k  him  ■whence  is  this  '  Matter '  of  which  we  have  been 
iBcoursing — who  or  what  divided  it  into  molecules,  who 
what  impressed  upon  them  this  necessity  of  nmning 
ito  organic  forms — he  lias  no  answer.     Science  is  mute 
reply  to  these  questions.     But  if  the  materialist  is  con- 
aunded  and  science  rendered  dumb,  who  else  is  prepared 
ith  a  solution?     To  wliom  has  this  arm  of  the  Lord 
revealed  ?     Let  us  lower  our  heads,  and  acknowledge 
our  ignorance,  priest  and  pliilosopher,  one  and  all. 

Perliaps  tlie  mysteiy  may  resolve  itself  into  knowledge 
at  some  future  day.  The  process  of  things  upon  this  earth 
Las  been  one  of  amelioration.  It  is  a  long  way  from  the  , 
Iguanodon  and  his  contemporaries,  to  the  President  and 
3Iember8  of  the  British  Assocuition.  And  whether  we 
regard  the  improvement  from  the  scientific  or  from  the 
theological  point  of  view — as  the  result  of  progressive 
development,  or  of  successive  exhibitions  of  creative 
energy — neither  view  entitles  us  to  assume  that  ma.\i'« 
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present  faculties  end  the  eeiiee,  that  the  process  of 
amelioratioD  ends  with  him.  A  time  may  therefore  conh 
when  this  ultra-scjeotific  region,  hy  which  we  are  now 
enfolded,  may  offer  itself  to  terrestrial,  if  not  to  hnroan, 
investigation.  Two-thirds  of  tlie  rays  emitted  by  the 
sun  fail  to  arouse  the  senee  of  viKion.  The  rays  eiist, 
but  the  visual  c  or  their  translation  into 

light  does  not  e;  Men  this  region  of  d^'- 

ness  and  myster  ids  us,  rays  may  now  bt 

darting,  which  r*  livelopment  of  the  proper 

intellectual    org  \  them  into    knowledge 

as  far  surpassing  paases  that  of  the  wallow- 

ing reptiles  whi  oesespion  of  this  planet. 

Meanwhile  the  n  lout  its  uses.    It  certainly 

may  be  made  a  ^  luman  soul ;  but  it  i£  » 

power  which  has  feeling,  not  knowletlge,  for  its  base.  It 
may  be,  will  be,  and  1  hope  is  turoed  to  account,  both  in 
steadying  and  strengthening  tlie  int«llect,  and  in  reseuiBg 
man  from  that  littleness  to  which,  in  the  struggle  far 
existence,  or  for  precedence  in  the  world,  he  is  continually 
prone. 


The  reader  who  honours  the  '  Belfast  Address  *  wiA 
his  attention,  may  fitly  supplement  its  perusal  by  that  of 
the  foregoing  Fragment.     1875. 
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*  Laitly,  phi/rical  intxttigaiion,  more  than  anything  betida,  helpa  to  ttaeU 
tu  the  aelxuil  value  and  right  use  of  the  Imagination — of  thai  mmdrout 
faculty,  vchich,  left  to  ramble  uncontrolled,  leads  us  astray  into  a  wUdenvss 
of  prrplerities  and  errors,  a  land  of  mists  and  shadows ;  but  which,  properly 
amtrolUd  by  erperience  and  reflection,  becomes  the  noblest  attribute  of  man  ; 
tkt  amtrct  of  poetic  genius,  the  instrument  nf  discovery  in  Science,  without  the 
aid  of  which  Newton  uiould  never  have  invented  fluxions,  nor  Davy  have  de- 
eompistd  tlie  earths  and  alkalies,  nor  would  Colmidnu  have  found  another 
Continent.' — Address  to  the  Royal  Society  by  ita  President  Sir  IJenjaniin 
Brodie.  Novoniber  30,  18.59. 

IC/VRRIED  with  me  to  the  Alps  tliis  year  the  heavy 
burden  of  this  evening's  work.  In  the  way  of  new 
investigation  I  had  nothing  complete  enough  to  be  brought 
before  you ;  so  all  tliat  remained  to  me  was  to  fall  back 
upon  such  residues  as  could  be  found  in  the  depths  of  con- 
sciousness, and  out  of  them  to  spin  the  fibre,  and  weave  the 
web,  of  this  discoiuse.  Save  from  memory  I  had  no  direct 
aid  upon  the  mountains ;  but  to  spur  up  the  emotions, 
on  which  so  much  depends,  as  well  as  to  nourish  indirectly 
the  intellect  and  will,  I  took  with  me  four  works,  comprising 
two  volumes  of  poetry,  Goethe's  '  P'arbenlehre,'  and  the 
work  on  '  Logic '  recently  published  by  Mr.  Alexander 
Bain. 

The  spur,  however,  was  no  match  for  the  integu- 
ment of  dulness  it  had  to  pierce.  In  Goethe,  so 
noble  otherwise,  I  chiefly  noticed  the  self-inflicted  hurt* 
of  genius,  as  it  broke  in  vain  against  the  philosophy  of 
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Newton.     For  a   time,  Mr.  Bain  became  my  pr 
companion.     I  foimd  him  learned  and  practical,  sbi 
generally  with  a  dry  light,  but  exhibiting  at  times  a  flush 
of  emotional  strength,  which  proved  that  even  logicians 
sliare  the  common  fire  of  humanity.     He  interested  me 
most  when  he  became  the  mirror  of  my  own  condition. 
Neither  intellectually  nor  socially  is  it  good  for  man  to 
be  alone,  and  the  griefs  of  thought  are  more  patiently™ 
borne  when  we  find  that  they  liave  been  experienced  IJH 
another.     From  certain  passages  in  his  book  I  could  infer 
that  ^Ir.  Bain  was  no  stranger  to  such  sonows.     Take 
this  as  an  illustration.     Speaking  of  the  ebb  of  intelleo-j 
tual  force,  which  we  all  from  time  to  time  experienof^H 
Mr,  Bain  says :   '  The  uncertainty  where  to  look  for  the 
next   opening   of  discovery   brings   the   pain  of  conflict 
and   the  debility  of  indecision.'      These   words  have  in 
them  the  true  ring  of  personal  experience.     The  action  of 
the  investigator  is  periodic.     Ho  grapples  with  a  subject    ' 
of  enquiry,  wrestles  with  it,  overcomes  it,  exhausts,  it  may 
be,  both  himself  and  it  for  the  time  being.     He  breathes 
a  space,  and  then  renews  the  struggle  in  another  field- 
Now  this  period  of  halting  between  two  investigations  is 
not  always  one  of  pure  repose.     It  is  often  a  period  of 
doubt  and  discomfort — of  gloom  and  ennui.     '  The  un- 
certainty where  to  look  for  the  next  opening  of  discovery 
brings  the  pain  of  conflict  and  the  debility  of  indecision.' 
Such  was  my  precise  condition  in  the  Alps  this  year ;  and 
it  was  under  those  evil  circumstances  that  I  had  to  eqv 
myself  for  the  hour  and  tlie  ordeal  tliat  are  now  come. 

Gladly,  however,  as  I  should  have  seen  this  duty : 
other  hands,  it  was  not  to  be  evaded.     In  some  fashio^ 
or  other — on  the  higher  levels  of  thought,  or  on  the  flat* 
of  oonamon-place — the  task  had  to  be  accomplished, 
case  for  a  time  resembli>d  that  of  a  sick  doctor  who  hfl 
forgotten  his  art,  and  wlio  sorely  needed  the  prescriptifl 
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a  friend.     Mr.  Bain  wrote  one  for  me.     '  Your  present 

aowledge,'  he  said, '  must  forge  the  links  of  connection 

etween  what  has  been  already  achieved  and  what  is  now 

required.''     In  these  words  he  admonished  me  to  review 

the  past,  and  recover  from  it  the  broken  ends  of  former 

investigations.     I  tried  to  do  so.     Previous  to  going  to 

Jwitzerland  I  had  been  thinking  much  of  light  and  heat, 

'  organic  germs,  atoms,  comets,  and  skies.    With  one  or 

aether  of  these  I  now  sought  to  re-form  an  alliance,  and 

Ij   succeeded   in   establishing    a    kind    of  cohesion 

etween  thought  and  Light. 

The  disciplines  of  common  life  are,   in   great   part, 
Eercises   in   the   relations   of  space,   or  in  the   mental 
rouping  of  bodies  in  space  ;  and,  by  such  exercises,  the 
lind  is,  to   some  extent,  prepared  for  the  reception   of 
liysical  conceptions.      Assuming  this  preparation  on  your 
the  wish  grew  within  me  to  trace,  and  to  enable  you 
trace,  some  of  the  more  occult  operations  of  the  agent 
referred  to.     I  wished,  if  possible,  to  take  you  beyond 
le  boundary  of  mere   observation,  into  a  regicn  where 
ings  are  intellectually  discerned,  and  to  show  you  there 
the  hidden  mechanism  of  optical  action. 

But  how  are  those  hidden  things  to  be  revealed  ? 
How  are  we  to  lay  hold  of  the  physical  basis  of  light, 
since,  like  that  of  life  itself,  it  lies  entirely  without  the 
domain  of  the  senses  ?  Philosophers  may  be  right  in 
affirming  that  we  cannot  trauscend  experience  ;  but  we 
can,  at  all  events,  carry  it  a  long  way  from  its  origin. 
We  can  also  magnify,  diminish,  (juaUty,  and  combine  ex- 
periences, so  as  to  render  them  tit  for  piuposes  entirely 
new.  Urged  to  the  attempt  by  sensible  phenomena,  we 
find  oiirselves  gifted  with  tlie  power  of  forming  mental 
images  of  the  idtra-sensible ;  and  by  this  power,  when 
duly  chastened  and  controlled,  we  can  lighten  the  dark- 
'  •  iDductioD,"  p.  422. 
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ness   which  surrounds  the   world   of  the  senaes.     The 
use  Tories  evcu  in  science  who  re^rd  ImaginatioQ  as 
faculty  to  be  feared  and  avoided  rather  than  emplojed. 
They  have  observed  ita  action  in  weak  vessels,  and  are 
unduly  impressed  by  its  disasters.     But  they  might  with 
«qual  justice  point  to  exploded  boilers  aa  an  argument 
against   the   use   of    steam.      Nourished   by    knowledge 
patiently  won  ;  bounded  and  conditioned  by  co-operant 
Beason ;  imagination  becomes  the  prime  mover   of  the 
physical    discoverer.     Newton's   passage   from   a 
apple  to  a  falling  moon  was,  at  the  outlet,  a  leap 
prepared  imagination.     In  Faraday  the  exercise  of  this 
faculty  preceded  all  his  experiments,  and  its  function  has 
been  impressively  set  forth  by  Rrodie.'     When  William 
Thomson  tries  to  place  the  ultimate  particles  of  matt«^ 
between  bis  compass  points,  and  to  apply  to  them  a  sci^| 
of  millimetres,  it  is  an  act  of  the  scientific  imagination. 
And  in  much  that  has  been  recently  said  about  protoplasm 
and  life  we  have  the  outgoings  of  this  faculty  guided  an<l 
controlled  by  the  known  analogies  of  science.     In  fact, 
without  this  power,  our  knowledge  of  nature  would  be 
a  mere  tabulation  of  co-existences  and    sequences.     We 
should  still  believe  in  the  succession  of  day  and  night,  of 
eummer  and  winter  ;  but  the  soul  of  Force  would  be  d^H 
lodge<l  from  our  universe ;  causal  relations  would  disuppdl^l 
and  with  them  that  science  which  is  now  binding  the 
parts  of  nature  to  an  organic  whole. 

I  should  like  to  illustrate  by  a  few  simple  instances 
•use  that  scientific  men  have  already  made  of  this  power  of 
imagination,  and  to  indicate  afterwards  some  of  the  further 
uses  that  they  are  likely  to  make  of  it.  Let  \i8  begin  with 
the  rudimentary  experiences.  <  Ibserve  the  fulling  of  heavy 
rain-drops  into  a  tranquil  pond.     Each  drop  as  it  strikes 
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)i  the  water  becomes  a  centre  ot  disturbance,  from  which  a 
^  series  of  ring-ripples  expand  outwards.  Gravity  and  inertia 
ff  are  the  agents  by  which  Uiis  wave-motion  ia  produced,  and 
g  a  rough  experiment  will  suffice  to  show  that  the  rate  of 
k  propagation  does  not  amount  to  a  foot  a  second.  A  series 
of  slight  mechanical  shacks  is  experienced  by  a  hotly  plunged 
in  the  water,  as  the  wavelets  reach  it  in  succession.  But  a 
finer  motion  is  at  the  same  time  set  up  and  propagated. 
If  the  head  and  ears  be  immersed  in  the  water,  as  in  an 
experiment  of  Franklin's,  the  shock  of  the  drop  is  commu- 
nicated to  the  auditory  nerve — the  tich  of  the  drop  is  heard. 
Now,  this  sonorous  impulse  is  propagated,  not  at  the  rate 
of  a  foot,  but  at  the  rate  of  4,700  feet  a  second.  In  this 
case  it  is  not  the  gravity  but  the  ekisUcUij  of  the  water 
that  is  the  urging  force.  E\ery  liquid  pai-ticle  pushed 
against  its  neighbotu"  delivers  up  its  motion  with  extreme 
rapidity,  and  the  pulse  is  propagated  as  a  thrill.  The  in- 
compressibility  of  water,  as  illustrated  by  the  famous 
Klorentine  experiment,  is  a  measure  of  its  elasticity  ;  and 
to  the  possession  of  this  property,  in  so  liigh  a  degree,  the 
rapid  transmission  of  a  sound-pulse  through  water  is  to  be 
ascribed. 

But  water,  as  you  know,  is  not  necessary  to  the  conduc- 
tion of  sound  ;  air  is  its  most  common  vehicle.  And  you 
know  that  when  the  air  possesses  the  particular  density 
and  elasticity  corresponding  to  the  temperature  of  freezing 
water,  the  velocity  of  sound  in  it  is  1,090  feet  a  second. 
It  is  almost  exactly  one-fourth  of  the  velocity  in  water ; 
the  reason  being  that  though  the  greater  weight  of  the 
water  tends  to  dimiuish  the  velocity,  the  enormous  raole- 
cul;ir  elaisticity  of  the  liijuid  far  more  than  atones  for  the 
disadvantage  due  to  weight.  By  various  contrivances  we  can 
compel  the  vibrations  of  the  air  to  declare  themselves ;  we 
know  the  length  and  frequency  of  the  sonorous  waves,  and  we 
have  also  obtained  great  mastery  over  the  various  methods 
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by  wbich  the  air  h  thrown  into  vibration.  "We  know 
phenomena  and  laws  of  vibrating  rods,  of  organ-pi 
strings,  membranes,  plates,  and  bells.  We  can  a 
one  soimd  by  another.  We.  know  the  physical  meaning  of 
mnsic  and  noise,  of  harmony  and  discord.  In  Kliort^  m 
regards  sound  in  general,  we  have  a  very  elejir  notion  «f 
the  external  ph    "    "  which  correspond  to  oat 

sensations.  i 

In  the  plien  pe  travel  a  very  little  tnr 

from  downright  pib    Still  the  imaginatioii 

is  to  some  extef  p  bodily  eye,  for  esaosple. 

cannot  see  the  i  [rarefactions  of  the  waws 

of  sciund.     We  <  f  thought,  anil  we  belieTe 

as  firmly  in  thi  Po  that  of  the  sir  itseE 

But  now  our  expt  carried  into  a  new  region, 

where  a  new  use  is  to  be  made  of  it.  Having  mastered 
the  cause  and  mechanism  of  sound,  we  desire  to  know  tlie 
cause  and  mechanism  of  light.  Vt'e  wish  to  extend  our 
enquiries  from  the  auditory  to  the  optic  nerve.  There  k 
in  the  human  intellect  a  power  of  expansion — I  might 
almost  call  it  a  power  of  creation — which  is  brought  into 
play  by  tjie  simple  brooding  upon  facts.  The  legend  of 
the  Spirit  brooding  over  chaos  may  have  originated  in  a 
knowledge  of  this  power.  In  the  case  now  before  us  it 
has  manifested  itself  by  transplanting  into  space,  for  tbe 
purposes  of  light,  an  adequately  modified  form  of  the 
mechanism  of  sound.  We  know  intimately  whereon  tbe 
velocity  of  sound  depends.  When  we  lessen  tlie  density 
of  a  medium,  and  preserve  its  elasticity  constant,  we  aug- 
ment the  velocity,  Wlien  we  heighten  the  elasticity,  and 
keep  the  density  constant,  we  also  augment  the  velocitj. 
A  small  density,  therefore,  and  a  great  elasticity,  are  the 
two  things  necessary  to  rapid  propagation.  Now  light  is 
known  to  move  with  the  astounding  velocity  of  186,000 
miles  a  second.    How  is  such  a  velocity  to  be  obtained  i 
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boldly  diffusing  in  space  a  medivim  of  the  requisite 
ivity  and  elasticity. 

Let  us  make  such  a  medium  our  starting-point,  and, 
endowing  it  with  one  or  two  other  necessary  qualities, 
let  us  handle  it  in  accordance  witli  strict  mechanical  laws. 
X«et  us  then  carry  our  results  from  the  world  of  theory 
fc  into  the  world  of  sense,  and  see  whether  our  deductions 
^Hd  not  issue  in  the  very  phenomena  of  light  which  ordi- 
^^ary  knowledge  and  skilled  experiment  reveal.  If  in  all 
tlie  multiplied  varieties  of  these  phenomena,  including 
those  of  the  most  remote  and  entangled  description,  thia 
fimdamental  conception  always  brings  us  face  to  face  with 
the  truth ;  if  no  contradiction  to  our  deductions  from  it 
be  foimd  in  external  nature,  but  on  all  aides  agreement 
and  verification ;  if,  moreover,  as  in  the  case  of  Conical 
Kefraction  and  in  other  cases,  it  actually  forces  upon  our 
attention  phenomena  whicli  no  eye  had  previously  seen, 
and  which  no  mind  had  previously  imagined — such  a  con- 
ception must,  we  think,  be  something  more  than  a  mere 
figment  of  the  scientific  fanc^-.  In  forming  it,  that  com- 
posite and  creative  power,  in  which  reason  and  imagiaa- 
tion  are  united,  has,  we  believe,  led  us  into  a  world  not 
less  real  than  that  of  the  senses,  and  of  which  the  world 
of  sense  itself  is  the  suggestion  and  justification. 

Far  be  it  from  me,  however,  to  wish  to  fix  you  iramov- 

rably  in  this  or  in  any  other  theoretic  conception.  With 
fell  our  belief  of  it,  it  will  be  well  to  keep  the  theory  of 
a  luminiferous  aether  plastic  and  capable  of  change.  You 
may,  moreover,  urge  that,  although  the  phenomena  occur 
Nfia  if  the  medium  existed,  the  absolute  demonstration  of 
Its  existence  is  still  wanting.  Far  be  it  from  me  to  deny 
to  this  reasoning  such  validity  as  it  may  fairly  claim. 
Let  us  endeavour  by  means  of  analogy  to  form  a  fair 
estimate  of  its  force.  You  believe  that  in  society  you  are 
surrounded  by  reasonable  beings  like  yourself.     You  are. 
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perhaps,  as  firmly  convinced  of  this  as  of  anything.  W{ 
is  your  warrant  for  tins  conviction  ?  Simply  and  aA 
this  :  your  fellow-creatiirea  behave  as  if  they  were  nm 
able ;  the  hypothesis,  for  it  is  nothing-  more,  accoimtq 
the  facta.  To  take  an  eminent  example  ;  you  hdieve  fl 
oar  President  is  a  reasonable  being.     Why  ?     There  is 

known  meth'"'  -' '^'on  by  which  any  one  of 

can  apply  h  illy  to  another,  so  as  t«  i 

monstrate  c  .rds  the  posseasioo  of  redl 

If,  therefore,  esident  to  be  reasonable, 

is  because  hi  he  were  reasonable,     Ak 

the  case  of  t(  the  '  as  if  yon  cannat  J 

Nay,  I  sboi  '  a  close  comparison  of  t 

data  on  whic  j  rest,  caused  many  res|» 

able  persona  it  the  aether  had  the  W 

of  it.  ^m^^amm 

This  universal  medium,  this  light-aether  as  it  is  call< 
is  a  vehicle,  not  an  origin,  of  wave-motion.  It  recei^ 
and  transmits,  but  it  does  not  create.  Whence  does 
derive  the  motions  it  conveys  ?  For  the  most  part  fix) 
luminous  bodies.  By  this  motion  of  a  luminous  body 
do  not  mean  its  sensible  motion,  such  as  the  flicker  of 
candle,  or  the  shooting  out  of  red  prominences  fi-om  tl 
limb  of  the  sun.  I  mean  an  intestine  motion  of  tl 
atoms  or  molecules  of  the  luminous  body.  But  here 
certain  reserve  is  necessary.  Many  chemists  of  th 
present  day  refuse  to  speak  of  atoms  and  molecules  a 
real  things.  Their  caution  leads  them  to  stop  short  o 
the  clear,  sharp,  mechanically  intelligible  atomic  theor 
enunciated  by  Dalton,  or  any  form  of  that  theory,  and  t 
make  the  doctrine  of  'multiple  proportions'  their  intel 
lectual  bourne.  I  respect  the  caution,  though  I  think  r 
is  here  misplaced.  The  chemists  who  recoil  from  the« 
notions  of  atoms  and  molecules  accept,  without  hesitation 
the  Undulatory  Theory  of  Light.    Like  you  and  me  thej 
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and  all  believe  in  an  aether  and  its  light-producing 
|ve?.  Let  us  consider  what  tliis  belief  involves.  Bring' 
ir  imaginations  once  more  into  play,  and  figure  a  series 
jf  sound-waves  passing  through  air.  Follow  them  up  to 
origin,  and  what  do  you  there  find?  A  definite, 
jible,  vibrating  body.  It  may  be  the  vocal  chords  of 
luman  being,  it  may  be  an  organ-pipe,  or  it  may  be  a 
etched  string.  Follow  in  the  same  manner  a  train  of 
ther-waves  to  their  source ;  remembering  at  the  same 
ae  that  your  aether  is  miitt<>r,  tlense,  elastic,  ^nd  capable 
motions  subject  to,  and  determined  by,  mechanical 
es.  What  then  do  you  expect  to  find  as  the  soiuce  of  a 
ies  of  aether-waves  ?  Ask  your  imagination  if  it  will 
ept  a  vibrating  multiple  proportion — a  numerical  ratio 
in  a  state  of  oscillation  ?  I  do  not  tlunk  it  will.  You 
innot  crown  the  edifice  with  this  abstraction.  The  scien- 
ic  imagination,  which  is  here  authoritative,  demands,  as 
the  origin  and  cause  of  a  series  of  aether-waves,  a  particle 
of  vibrating  matter  quite  as  definite,  tliough  it  may  be 
excessively  minute,  as  that  which  gives  origin  to  a  musical 
sound.  Such  a  particle  we  name  an  atom  or  a  molecide. 
I  think  the  intellect,  when  focussed  so  as  to  give  definition 
without  penumbral  haze,  is  sure  to  realise  this  image  at 
the  last. 

With  the  %'iew  of  preserving  thought  continuous 
throughout  this  discourse,  and  of  preventing  either  failure 
of  knowledge,  or  of  memory,  from  causing  any  rent  in  our 
picture,  I  here  propose  to  run  rapidly  over  a  bit  of  ground 
which  is  probably  familiar  to  most  of  you,  but  which  I  am 
anxious  to  make  familiar  to  you  all.  The  waves  generated 
in  the  aether  by  the  swinging  atoms  of  luminous  bodies 
are  of  different  lengths  and  amplitudes.  The  amplitude 
^^  the  width  of  awing  of  the  individual  particles  of  the 
^Htves.  In  water-waves  it  is  the  height  of  the  crest  above 
the  trough,  while  the  length  of  the  wave  is  t!ie  distance 
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■between  two  consecutive  crests.  The  aggregate  of  wsra 
emitted  by  tbe  sun  may  be  broadly  di^'ided  intti  tio 
clasB^  :  the  one  dass  competent,  the  other  incompeteut, 
to  excite  vir^ion.  But  the  Hght-prodiicinfj  waves  tlifer 
markedly  among  themselves  in  size,  form,  and  fi 
The  length  of  the  largest  of  these  waves  is  about  i 
that  of  the  smnllpK*-  bnt  thn  nruplitude  of  tlio  largest 
probably  a  hi  of  the  smallest.     Xnw  tb« 

force  or  ener  fhich,  expreesed  with  refer- 

ence to  sens  intensity  of  the  light,  a 

proportional  le  amplitude.     Hence  tha 

amplitude    h  ifold,   the   energy    of   Ukt 

lugest  light-j  d  he  ten-thouf^ndfold  t|fl 

of  the  small  isiprobable.     I  use  then 

figures  not  w  >rical  accuracy,  but  to  gin 

you  definite  ideas  ui  mc  rences  that  probably  exiil 

among  the  light-giving  waves.  And  if  we  take  the  whole 
range  of  solar  radiation  into  account — its  non-visual  ai 
well  as  its  visual  waves — I  think  it  probable  that  tht 
force,  or  energy,  of  the  largest  wave  is  a  million  times 
that  of  the  smallest. 

Turned  into  their  equivalents  of  sensation,  the  dif- 
ferent light-waves  produce  different  colours.  Red,  foi 
example,  is  produced  by  the  largest  waves,  violet  by  ibe 
smallest,  while  greeA  is  produced  by  a  wave  of  inter- 
mediate length  and  amplitude.  On  entering  from  aii 
into  a  more  highly  refracting  substance,  such  as  glass  or 
water,  or  the  sulphide  of  carbon,  all  the  waves  are  re- 
tarded, but  the  smallest  ones  most.  This  furnishes  a 
means  of  separating  the  different  classes  of  waves  from 
each  other ;  in  other  words,  of  analysing  the  light.  Sent 
through  a  refracting  prism,  the  waves  of  the  sun  are 
turned  aside  in  different  degrees  from  their  direct  coarse, 
the  red  least,  the  violet  most.  They  are  virtually  pulled 
asunder,  and  they  paint  upon  a  white  screen  placed  to 
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ive  them  '  the  solar  spectnim.'     Strictly  speaking,  the 
trum  embraces  an  infinity  of  colours  ;  but  the  limits  of 
language,  and  of  our  powers  of  distinction,  cause  it  to  be 
Nnded  into  seven  segments :  red,  orange,  yellow,  green, 
ue,  indigo,  violet.    These  are  the  seven  primary  or  prism- 
ic  colours. 

Separately,  or  mixed  in  various  proportions,  the  solar 
ves  yield  all  the  colours  observed  in  nature  and  em- 
yed  in  art.  Collectively,  they  give  us  the  impression 
whiteness.  Piu-e  unsifted  solar  light  is  white;  and,  if 
all  the  wave-constituents  of  such  light  be  reduced  in  the 
same  proportion,  the  light,  though  diminished  in  intensity, 
will  still  be  white.  The  wliiteness  of  Alpine  snow  with 
the  sun  shining  upon  it,  is  barely  tolerable  to  the  eye. 
e  same  snow  under  an  overcast  firmament  is  still  white. 
iuch  a  firmament  enfeebles  the  light  by  reflecting  it  up- 
rds ;  and  when  we  stand  above  a  cloud-field — on  an 
SMpine  summit,  for  instance,  or  on  the  top  of  Snowdon — 
and  see,  in  the  proper  direction,  the  sun  shining  on  the 
clouds  below  us,  they  appear  dazsilingly  white.  Ordinary 
clouds,  in  fact,  divide  the  solar  light  impinging  on  them 
into  two  parts — a  reflected  part  and  a  transmitted  part,  in 
each  of  which  the  proportions  of  wave-motion  which  pro- 
duce the  impression  of  whiteness  are  sensibly  preserved. 

It  will  be  imderstood  that  the  condition  of  whiUjness 
would  fail  if  all  the  waves  were  diminished  equally,  or  by 
the  same  absolute  quantity.  They  must  be  reduced  pro- 
portionately,  instead  of  equally.  If  by  the  act  of  reflec- 
tion the  waves  of  red  light  are  split  into  exact  halves, 
Ihen,  to  preserve  the  light  white,  the  waves  of  yellow, 
irange,  green,  and  blue  must  also  be  split  into  exact  halves. 
In  short,  the  reduction  must  take  place,  not  liy  absolutely 
ual  quantities,  but  by  equal  fractional  parts.  In 
•white  light  the  preponderance,  as  regards  energy,  of  the 
larger  over  the  smaller  waves  must  always  be  immeustt. 

r  F 
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Wore  the  case  otba^rife^  the  visiial  correlative,  WiM,of 
the  cmaUirr  wares  would  have  the  upper  band  m  mi 
■ensatuns. 

Not  only  are  the  wt«3  of  aether  reflected  by  clouds,    i 
hj  solids,  and  Uqiwk,  but  when  they  pass  from  light  aii 
to  dense,  or  from  denae  air  to  light,  a  portion  of  the  wave- 
motioD  is  always     *    '  ^      "*'       om,  atmosphere  change 
contiiraaUr  in  da  o  bottom.     It  will  help 

oar  conceptions  ii  l  made  tip  of  a  isrrte*  uf 

thin  concentric  k  t  air,  each  shell  beisg  «f 

the  same  tit^osity  call  and  sudden  chsngt 

of  density  occorri:  >m  shell  to  shell.    Light 

would   be  reflect!  »g  siirfeoes  of  all  thm 

shdls,  and  their  i  practically  the  same  u 

that  of  the  real  at  d  now  I  would  a^^k  your 

imagination  to  picture  this  act  ot  reflection.  What  must 
become  of  the  reflected  light  ?  The  atmospheric  laTeis 
turn  their  convex  siufaces  towards  the  sun ;  they  are  so 
many  convex  mirrors  of  feeble  power ;  and  you  will  im- 
mediately perceive  that  the  light  regvdarly  reflected  from 
these  sur&ces  cannot  reach  the  earth  at  all,  but  is  dis- 
persed in  space.  Light  thus  reflected  cannot  be  the  light 
of  the  sky. 

But,  though   the  sim's  light  is  not  reflected  in  this 
fashion  from  the  aerial  layers  to  the  earth,  there  is  indu- 
bitable evidence  to  show  that  the  light  of  our  firmament 
is  reflected  light.     Proofs  of  the  most  cogent  descriptioii 
could  be  here  adduced ;  but  we  need  only  consider  that 
we  receive  light  at  the  same  time  from  all  parts  of  the 
hemisphere  of  heaven.     The  light  of  the  firmament  comes 
to  us  across  the  direction   of  the  solar   rayg,  and  even 
against  the  direction  of  the  solar  rays;  and  this  lateral 
and  opposing  rush  of  wave-motion   can   only  be  due  to 
the  rebound  of  the  waves  from  the  air  itself,  or  from 
something  suspended  in  the  air.     It  is  also  evident  thatt   i 
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unlike  the  action  of  clouds,  the  solar  light  is  not  reflected 
>»y  the  sky  in  the  proportions  which  produce  white.  Th« 
ty  is  blue,  which  indicates  an  excess  of  the  shorter 
ives.  In  accounting  for  the  colour  of  the  sky,  the 
st  question  suggested  by  analogy  would  undoubtedly  be, 
not  the  air  blue?  The  bUienesa  of  the  air  has,  in 
set,  been  given  as  a  solution  of  the  blueness  of  the  sky. 
But  how,  if  the  air  be  blue,  can  the  light  of  sunrise  and 
sunset,  which  travels  through  vast  distances  of  air,  be 
yellow,  orange,  or  even  red  ?  The  passage  of  white  solar 
ight  through  a  blue  medium  coidd  by  no  possibility  red- 
den the  light.  The  liypothesis  of  a  blue  air  is  therefore 
tmtenable.  In  fact  the  agent,  whatever  it  is,  which 
sends  us  the  light  of  the  sky,  exercises  in  so  doing  a 
ichroitic  action.  The  light  reflected  is  blue,  the  light 
insmitted  is  orange  or  red.  A  marked  distinction  is 
lus  exhibited  between  the  matter  of  the  sky,  and  that 
an  ortlinary  cloud,  which  exercises  no  such  dichroitic 
ction. 

By  the  scientific  use  of  the  imagination  we  may 
penetrate  this  mystery  also.  The  cloud  takes  no  note 
of  size  on  the  part  of  the  waves  of  aether,  but  reflects 
them  all  alike.  It  exercises  no  selective  action.  Now 
the  cause  of  this  may  be  that  the  cloud  particles  are  so 
large,  in  comparison  with  the  waves  of  aether,  as  to 
reflect  them  all  indifferently.  A  broad  cliff  reflects  an 
Atlantic  roller  as  easily  as  a  ripple  produced  by  a  sea- 
bird's  wing ;  and,  in  the  presence  of  large  reflecting  sur- 
&ce8,  the  existing  differences  of  magnitude  among  the 
waves  of  aether  may  disappear.  But  supposing  the  re- 
flecting particles,  instead  of  being  very  large,  to  be  very 
small  in  comparison  with  the  size  of  the  waves.  In  this 
case,  instead  of  the  whole  wave  being  fronted  and  thro^vn 
back,  a  small  portion  only  is  shivered  off.  The  great 
mass  of  the  wave  passes  over  such  a  particle  mtkckM^  x«- 
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Scatter,  then,  a  handful  of  such  minute  foreign 
I  in  our  atmosphere,  and  set  imagination  to  vstch 

I  Ibeir  action   upon  the  solar  waves.     Waves  of  all  sizes 
impinge  upon  the  particles,  and  you  see  at  every  collision 
a  portion  of  the  impinging  wave  struck  off ;  all  the  waves 
of  the  spectrum,  from  the  extreme  red  to  the  extreme 
let,  being  thus  acted  upon. 

Remembering  that  the  red  waves  stand  to  the  hi 

I  much  in  the  relation  of  billows  to  ripples,  we  have  to  con- 
sider whether  those  extremely  small  particles  are  com- 
petent to  scatter  all  the  waves  in  the  same  proportion.  If 
they  be  not — and  a  little  reflection  will  make  it  clear  that 
they  are  not — the  production  of  colour  must  be  an  incident 
of  the  scattering,  I^argeness  is  a  thing  of  relation;  and 
the  smaller  the  wave,  the  greater  is  the  relative  size  of  any 
particle  on  which  the  wave  impinges,  and  the  greater  also 
the  ratio  of  the  scattered  portion  of  the  wave,  to  the  total 
wave.  A  pebble,  placed  in  the  way  of  the  ring-ripples 
produced   by   heavy  rain-drops  on  a  tranquil  pond,  will 

Lflcatter  a  large  fraction  of  each  ripple,  while  the  fractional 
part  of  a  larger  wave  thrown  back  by  the  same  pebl 
might  be  infinitesimal.  Now  we  have  already  made 
clear  to  our  minds  that  to  preserve  the  solar  light  white,  i 
constituent  proportions  must  not  be  altered ;  but  in  t 
act  of  division  performed  by  these  very  small  particles  the 
proportions  are  altered ;  an  undue  fraction  of  the  smaller 
waves  is  scattered  by  the  particles,  and,  as  a  consequence, 
in  the  scattered  light,  blue  will  be  the  predominant 
colour.  The  other  colours  of  the  Bpectrura  must, 
some  extent,  be  associated  with  the  blue.  They  are  m 
absent,  but  deficient.     We  ought,  in  fact,  to  have  the: 

all,  but  in  diminishing  proportions,  from  tl»e  violet 

the  red. 

We  have  here  presented  a  case  to  the  imagination,  and, 
suming  the  undulatorj-  theory  to  be  a  reality,  we  have, 
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I  think,  fairly  reasoned  our  way  to  the  conclusion,  that 
were  particles,  small  in  comparison  to  the  size  of  the 
aether  waves,  sown  in  our  atmospliere,  the  light  scattered 
by  those  particles  would  be  exactly  such  as  we  observe  in 
our  azure  skies.  When  this  light  is  analysed,  all  the 
colours  of  the  spectrum  ai"e  found,  and  they  are  found  in 
the  proportions  indicated  by  our  conclusion. 

Let   us   now   turn   our   attention  to  tl>e  light  which 

passes  unscattered  among  the  particles.     How  must  it  be 

finally  affected?      By  its   successive  collisions  witli  the 

particles  the  wliite  light  is  more  and  more  robbed  of  its 

shorter   waves ;  it  therefore  loses  more  and  more  of  its 

due  proportion  of  blue.     The  rcsidt  may  be  anticipated. 

he  transmitted  light,  where  short  distances  are  involved, 

'will  appear  yellowish.     But  as  the  sun  sinks  towards  the 

^^orizon   the  atmospheric  distances   increase,   and   conse- 

^^■uently  the   number   of  the  scattering  particles.     They 

^Kbstract  in  succession  the  violet,  the  indigo,  the  blue,  and 

^■*ven  disturb  the  proportions  of  green.     The  transmitted 

light  under   such    circumstances  must  pass  from  yellow 

through  orange  to  red.     This  also  is  exactly  what  we  find 

in  nature.     Thus,  while  the  reflected  light  gives    us   at 

noon  the  deep  azure  of  the  Alpine  skies,  the  transmitted 

light  gives  us  at  sunset  the  warm  crimson  of  the  Alpine 

snows.       The    phenomena    certainly    occur    as    if    our 

^^tmosphere  were  a  medium  rendered  slightly  turbid  by 

^Kbe  mechanical  suspension  of  exceedingly  small   foreign 

particles. 

Here,  as  before,  we  encounter  our  sceptical  'as  if'    II 

one  of  the  parasites  of  science,  ever  at  hand,  and  ready 

to  plant  itself  and  sprout,  if  it  can,  on  the  weak  points  of 

our   philosophy.      But   a   strong  constitution  defies  the 

irasite,  and  in  our  case,  as  we  question   the  phenomena, 

robability  grows  like  growing  healtli,  until  in  the  end 

be  malady  of  doubt  is  completely  extirpated.     The  frwA. 


Sukem,  «ko  was  prafaiUj  the 
■■tare  of  tlie  wdoa  of  flBsll 
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particles  on  the  waves  of  aether,'  describes  a  glass  of  a 
similur  kind.*  Capital  specimens  of  such  ghiss  are  to  be 
Found  at  Salviati's,  in  St.  James's  Street.  What  artists 
lall  '  chill '  is  no  doubt  an  effect  of  this  description, 
rbrough  the  action  of  minute  particles,  the  browns  of  a 
picture  often  present  the  appearance  of  the  bloom  of  a 
plum.  By  rubbing  the  varnish  with  a  silk  liaudkerchief 
aptical  continuity  is  established  and  the  chill  disappears. 
Some  yeais  ago  I  witnessed  Mr.  Hirst  experimenting  at 
Zennatt  on  the  turbid  water  of  the  Visp.  When  kept 
itill  for  a  day  or  so,  the  grosser  matter  sank,  but  the 
5ner  particles  remained  suspended,  and  gave  a  distinctly 
blue  tinge  to  the  water.  The  blueness  of  certain  Alpine 
laJces  has  been  shown  to  be  in  part  due  to  this  cause. 
Professor  Roacoe  has  noticed  several  striking  cases  of  a 
(imilar  kind.  In  a  very  remarkable  paper  the  late 
Principal  Forbes  showed  that  steam  issuing  from  the 
lafety-valve  of  a  locomotive,  when  favourably  observed, 
•xhibits  at  a  certain  stage  of  its  condensation  the  colours 
>f  the  sky.  It  is  lilne  by  reflected  light,  and  orange  or 
■ed  by  transmitted  light.  The  same  effect  as  pointed  out 
iy  Goethe,  is  to  some  extent  exhibited  by  peat-smoke. 
VIore  thau  ten  years  ago  I  amused  myself  at  Killamey 
>y  observing,  on  a  calm  day,  the  straight  smoke-columns 
ising  from  the  cabin  chimneys.  It  was  easy  to  project 
,be  lower  portion  of  a  column  against  a  dark  pine,  and 
ts  upper  portion  against  a  bright  cloud.  The  smoke  in 
.he  former  case  was  blue,  being  seen  mainly  by  reflected 

'  Tliis  is  inferred  from  conversation.  I  nm  not  aware  that  Professor 
Stokes  has  puMtiihod  sn^hing  upon  the  imbjuvt. 

'  This  glass,  by  reflccte<l  light,  h/id  ii  colour  '  strongly  rcsomliling  th:it 
if  •  decoction  of  horse-chestnut  bnrk.'  Curiously  enough  Goothe  rt'feni  to 
hi*  very  decoction :  '  Jinn  nuhnie  linen  Stroifen  friscbur  Rindo  voo  der 
Ronkimtanio,  niiinsteckc  ilenselbc'ii  in  ein  Glus  Wnnfor,  nml  indcrkiirzeston 
£cit  -werdeu  wir  dnu  ruIlkommeiiKtc  Uimmelbluu  untstehcn  Bchon.' — Goethe's 
tbrie,  U  uux.  p.  24. 
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light ;  in  the  latter  case  it  was  reddish,  being  seen  mainly 
by  transmitted  ligbt.  Such  smoke  was  not  in  exactly  I 
condition  to  give  lis  the  glow  of  the  Alps,  but  it  was  i 
step  in  this  direction.  Briicke's  fine  precipitate  abor 
referred  to  looks  yellowish  by  transmitted  light ;  but,  1 
duly  strengthening  the  precipitate,  you  may  rentier  tfa 
wliite  light  of  noon  as  ruby-coloured  as  the  sun,  wh 
seen  through  Liverpool  smoke,  or  upon  Alpine  horizon 
I  do  not,  however,  point  to  the  gross  smoke  arising 
coal  as  an  iUustration  of  the  action  of  small  particlo,' 
because  such  sraoke  soon  absorbs  and  destroys  the  waves  ( 
blue,  instead  of  sending  them  to  the  eyes  of  the  ol«erve 
These  multifarious  facts,  and  numberless  others  whid 
cannot  now  be  referred  to,  are  explained  by  reference 
the  single  principle,  that,  where  the  scattering  particli 
are  small  in  comparison  to  the  aethereal  waves,  we  hB,% 
in  the  reflected  light  a  greater  proportion  of  the  smaller 
waves,  and  in  the  transmitted  light  a  greater  proportion 
of  the  larger  waves,  than  existed  in  the  original  white  light 
Tlie  consequence,  as  regards  sensation,  is  that  in  the  one 
case  blue  is  predominant,  and  in  the  other  orange  or  red. 
Our  best  microscopes  can  readily  reveal  objects  not  more 
tb*''^  6t)o<iu^^  ^^  ^^  *"*^^  ^^  diameter.  This  is  less  than  the 
length  of  a  wave  of  red  liglit.  Indeed  a  first-rate  micr*- 
scope  would  enable  us  to  discern  objects  not  exceeding  ia 
diameter  the  length  of  the  smallest  waves  of  the  visible 
spectrum.  By  the  microscope,  therefore,  we  can  test  our 
particles.  If  they  be  as  large  as  the  light-waves  they  will 
infallibly  be  seen;  and  if  they  be  not  so  seen,  it  is  becMte 
they  are  smaller.  I  placed  in  the  hands  of  our  President 
a  liquid  containing  Briicke's  precipitate.  The  liquid  was 
a  milky  blue,  and  Mr.  Huxley  applied  to  it  his  highest 
microscopic  power.  He  satisfied  me,  at  the  time,  that  had 
particles  of  even  ^  op'ouo^^  ^^  ^^  '^'^^  ^°  diameter  existed 
in  the  liqiud,  they  could  not  have  escaped  detection.     Bj^ 
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hao  particles  were  seen.     Under  the  microscope  the  turbid 
rilquid  was  not  to  be  distinguished  from  distilled  water.' 

But  we  have  it  in  oiu'  power  to  imitate,  far  more  closely 
'■than  we  have  hitherto  done,  the  natund  conditions  of  this 
ij>roblem.      We  can  generate,  in  air,  artificial  skies,  and 
'prove   their  perfect  identity   with   the   natural   one,  as 
regards  the  exhibition  of  a  number  of  wholly  unexpected 
phenomena.    By  a  continuous  process  of  growth,  moreover, 
■■we  are  able  to  connect  sky-raatter,  if  I  may  use  the  term, 
■with  molecular  matter  on   the  one  side,  and  with  molar 
znatter,  or  matter  in  sensible  masses,  on  the  other.     In 
illustration  of  this  I  will  take  an  experiment  suggested 
l>y    some   of  my   own   researches,  and   descrilxsd   by  M. 
Morren   of  Marseilles   at   the    Exeter   meeting    of    the 
British   Association.      Sulphur  and   oxygen    combine   to 
form   sulphurous    acid    gas,    two    atoms   of  oxygen    and 
one  of  sulphur  constituting  the    molecule    of  sulphurous 
'acid.       It    has    been    recently    shown    that    waves    of 
'aether  issuing   from  a   strong   source,   such   as   the  sun 
lOr    the  electric  light,   are   competent    to    shake  asunder 
*the  atoms  of  gaseous  molecules.      A  chemist  would  call 
thie,  '  decomposition '  by  light ;  but  it  behoves  us,  who  are 
examining  the  power  and  function  of  the  imagination,  to 
teep    constantly   l>efore   us   the   physical   images   which 
■underlie  our  terms.     Therefore  I  say,  sharply  and  defi- 
nitely,   that    the  components    of  tlie   molecules    of  sul- 
phurous  acid  are  shaken  asunder   by  the   aether-waves. 
Enclosing  sulphurous  acid  in  a  suitable  vessel,  placing  it 
in  a  dark  room,  and  sending  through  it  a  powerful  beam 
of  light,  we  at  first  see  nothing :  the  vessel  containing  the 
gas  seems  as  empty  as  a  vaciuim.     Soon,  however,  along 


'  LileDr.Burdon  Snoderson's 'p;TO(;en,' tlio  particles  of  mnstic  {mssed, 
\rithout  spntiblo  hindnincc.  tlir(jii)t1i  filttiriiip-piipcr.  Hy  sm-h  filtering  no 
freedom  from  suiipcndiMl  ptirticles  is  tefurnl.  The  npplicntioa  of  a  con- 
densed bcnm  to  the  filtrate  renders  tbiii  nt  once  erident.     1876. 
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the  track  of  the  beam  a  beautiful  sky-blue  colour  ii 

sencd,  wliich  is  due  to  light  scattered  by  the  lil 

[  particles  of  sulphur.     For  a  time  the  blue  gmm 

I  intense  ;  it  then  becomes  whitish  ;  and  ends  in  a  moie  n" 

[less  perfect  white.     \N^en  the  action  is   continued  Iod{ 

enough,  the  tube  is  filled  with  a  dense  cloud  of  sulpbui 

I  particles,  which  by  the  application  of  proper  means  ms; 

be  rendered  indindually  visible.' 

Here,  then,  our  aether-waves  untie  the  bond  of  chemial 
affinity,  and  liberate  a  body — sulphur — which  at  oidino^ 
temperatures  is  a  solid,  and  which  therefore  soon  beoomcs 
an  object  of  the  senses.  We  have  first  of  all  the  fiw 
atoms  of  sulphur,  which  are  incompetent  to  stir  the  retina 
sensibly  with  scattered  light.  But  these  atoms  gradually 
coalesce  and  form  pariicles,  which  grow  larger  by  coutiouai 
accretion,  until  after  a  minute  or  two  tliey  appear  as  sl^ 
matter.  In  this  condition  they  are  themselves  invisiblr; 
but  they  send  an  amount  of  wave-motion  to  tht 
retina,  suflBcient  to  protiuce  the  firmamental  blue.  Tb« 
particles  continue,  or  may  be  caused  to  continue,  ia 
this  condition  for  a  cunsiderable  time,  during  which  no 
microscope  can  cope  with  them.  But  they  grow  slowtj 
larger,  and  pass  by  insensible  gradations  into  the  state 
of  cloud,  wlien  they  can  no  longer  elude  the  armed 
eye.  Thus,  without  solution  of  continuity,  we  start  witi 
matter  in  the  molecule,  and  end  with  matter  in  the 
mass;  sky-mntter  being  the  middle  term  of  the  series  of 
transformations. 

Instead  of  sulphurous  acid,  we  might  choose  a  doaeo 
other  substances,  and  produce  the  same  effect  with  all 
them.     In  the  case  of  some — probably  in  the  case  of 
— it  is  possible  to  preserve  matter  in  the  firmamental  o 


'  M.  MoiTcn  wua  mistaken  in  supposing  tlmt  n  modicuni  tif  tulplnin 
ncid,  in  llio  dniiig  tiilies,  lind  any  »Iiaro  in  tho  pmdurti"n  of  Iho  'ixta 
clouds  '  described  by  mo. 
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ion  for  fifteen  or  twenty  minutes  under  the  continual 
fration  of  the  light.  During  these  fifteen  or  twenty 
lutes  the  particles  constantly  grow  larger,  ivithout  ever 
eeding  the  size  requisite  to  the  production  of  the 
stial  blue.  Now  when  two  vessels  are  placed  before 
each  containing  sky-matter,  it  is  possilile  to  state 
great  distinctness  which  vessel  contains  the  largest 
tides.  Tlie  eye  is  very  sensitive  to  difl'erences  of 
J;ht,  when,  as  in  our  experiments,  it  is  in  compara- 
re  darkness,  and  the  wave-motion  thrown  against  the 
retina  is  small.  The  larger  particles  declare  themselves 
by  the  greater  whiteness  of  their  scattered  light.  Call 
_now  to  mind  the  observation,  or  effort  at  observation, 
Je  by  our  President,  when  he  failed  to  distinguish  the 
tides  of  mustic  in  Briicke's  medium,  and  wlion  you  have 
tliis,  please  follow  me.  A  beam  of  light  was  per- 
iled to  act  upon  a  certain  vapour.  In  two  minutes  the 
re  appeared,  but  at  the  end  of  fifteen  minutes  it  had 
ceased  to  be  aziire.  After  fifteen  minutes,  for  example, 
colour,  and  some  other  phenomena,  pronounced  it  to 
ta  blue  of  distinctly  smaller  particles  than  those  sought 
m  in  vain  by  Mr.  Huxley.  These  particles,  as  already 
^^ited,  must  have  been  less  than  -j„„'„„  Jth  of  an 
^^■ib  in  I  diameter.  And  now  I  want  you  to  consider 
'  the  following  question  :  Here  are  particles  which 
ive  been  growing  continually  for  fifteen  minutes, 
at  the  end  of  that  time  are  demonstrably  smaller 
tn  those  which  defied  the  microscope  of  Mr.  Huxley — 
iat  must  have  been  the  size  of  these  'paHlcles  at  the 
finning  of  their  yro^oth?  What  notion  can  you  form 
,  the  magnitude  of  such  particles  ?  The  distances  of 
pilar  space  give  us  simply  a  bewildering  sense  of 
fastness,  without  leaving  any  distinct  impression  on 
mind ;  and  the  magnitudes  with  which  we  have  here 
do,  bewilder    us  equally  in    the    opposite    direction.. 


'bjacU  of  the 


ixiir  parvuMiAMB  to 
i^  Sir  John   Hendiel 
.gardiag  Uw 

•'  ''teas 


Sgfat,  aad  dH^ 

some  aUr- 

veight  of  romeu. 

i  mysterioos  bodia 

■    oat    taSt   lOOgOOOyOOO   of    milcf  o 

>.i)J  mile*  is  £uMter.     The  diamefterdf 

'0  milM.     Bolfc  it  and  the  sky,  and  • 

{Mco  bq«ad  the  sky,  would  cerUinlylxr 

k  xphere  10,000  miles  across.     Let  us  fill  » 

'  L)t'  this  diameter  with   cometary    matter, 

ur  luiit  of  measure.     To  produce  a  comet't 

^ixm  just   mentioned,  about    300,000    sodi 

,i»  wuulU  huve  to  be  emptied  into  space.     Now  sap- 

liv  whole  of  this  stufif  to  be  swept  together,  and 

ODmpressed,  what   do  you    suppose   its    volume 

Sir  John   Herschel  would  probably  tell  jou 

vhole  mass  might  be  carted  away,  at  a  single 

..  of  your  dray-horses.     In  fact,  I  do  not  kuor 

lfe»  v»v»uld   require  more  than  a  small  fmction  of  • 

to   remove  the  cometjiry  dust.     After  this, 

\^m  lutftlly  regard   as   monstrous  a  notion   I    hare 

eutortiiined,  concerning  the  quantity  of  matter 

jj^y.     Supposo  a  shell  to  surround  the  earth  at  a 

..  .-  >,  >.  ;,.h  would  place  it  beyond  the  grosser  matter  that 

lower  rejfions  of  the  air — say  at  the  height  of 

loru  or  Muut  Blanc.  Outside  this  shell  we  sh 

dM.'p  blue  tiruiament.     Let  the  atmospheric  s{ 

lite   alMill   be   sw«pt   clean,  and  the   sky-mail 

|g|iiktb«r«d    up.     \Mut  would  be    ita    probable 

'  1  hkT«  wwnatimwi  Uwogfat  that  a  lady's  port- 

v(\>tiki  ««alala  it  aU.    I  iMve  thought  that  erm  a 

^^1  |wiUMan»w»    poMJblj  his  saaff-box — might 
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^Be  it  in.  And,  whether  the  actual  sky  he  capable  of  this 
j^roniit  of  condensation  or  not,  I  entertain  no  doubt  that 
a  sky  quite  as  vast  as  oiirs,  and  as  good  in  appearance, 
Gould  be  formed  from  a  quantity  of  matter  which  miglit 
be  held  in  the  hollow  of  the  liand. 

Small  in  mass,  the  vastness  in  point  of  number  of 
the  particles  of  our  sky  may  be  inferred  from  the  con- 
tinuity of  its  light.  It  is  not  in  broken  patches,  nor  at 
scattered  points,  that  the  heavenly  azure  is  revealed.  To 
tie  observer  on  the  summit  of  Mont  Blanc,  the  blue  is  as 
uniform  and  coherent  as  if  it  formed  the  surface  of  the 
most  close-grained  solid.  A  marble  dome  would  not  ex- 
hibit a  stricter  continuity.  And  Mr.  Glaisher  will  inform 
you,  that  if  our  hypothetical  shell  were  lifted  to  twice 
the  height  of  Mont  Blanc  above  the  earth's  siuface,  we 
•hould  still  liave  the  azure  overhead.  Everywhere 
tllrough  the  atmosphere  those  sky-particles  are  strewn. 
They  fill  the  Alpine  valleys,  spreading  like  a  delicate 
ganze  in  front  of  the  slopes  of  pine.  They  sometimes  so 
swathe  tlie  peaks  with  light  as  to  abolish  their  definition. 
This  year  I  have  seen  the  Weisshnni  thus  dissolved  in 
opalescent  air.  By  proper  instruments  the  ghire  thrown 
from  the  sky-particles  against  the  retina  may  be  Cfuenched, 
and  tlien  the  mountain  which  it  obliterated  starts  into 
sudden  definition.  Its  extinction  in  front  of  a  dark 
moimtain  resembles  exactly  the  withdrawal  of  a  veil.  It 
IB  the  light,  then,  taking  possession  of  the  eye,  and  not 
the  particles  acting  as  opaque  bodies,  that  interfcvos 
with  the  definition.  By  day  this  light  quenches  the 
stars ;  even  by  moonlight  it  is  able  to  exclude  from  vision 
all  stars  between  the  fifth  and  the  eleventh  magnitude. 
It  may  be  likened  to  a  noise,  and  the  feebler  stellar 
radiance  to  a  whisper  drowned  by  the  noise. 
^B  WHiat  is  the  nature  of  the  particles  which  shed  this 
ught  ?    The  celebrated  De  la  Rive  ascribes  the  haze  o€ 
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ibe  Alps  in  fine  weather  to  floating  organic  germs.    No 
r  tbe  possible  existence  of  germs  in  such  profusion  has  becog 
bdd  op  as  an  absorditj.     It  has  been  affirmed  that 
b  voold  darken  tbe  air,  and  on  the  assumed  icapossibilitf 
>«f  their  existence  in  the  requisite  numbers,  without  m\&- 
fiion  of  the  solar  light,  an  apparently  powerfid  argument  has 
en  based  bj  believers  in  spontaneous  generation.    Similsr 
jargnments  hare  been  used  by  the  opponents  of  the  genn 
I  theory  of  epidemic  disease,  who  have  triumphantly  chal- 
lenged an  appeal  to  the  miczosoope  and  the  chemist's  balance 
Lto  decide  the  question.     Such  arguments,   however,  are 
FSxmded  on  a  defective  acquaintance  with  tbe  powers  tind 
properties  of  matter.     Without  committing  myself  in  tbe 
ut  to  De  la  Rive's  notion,  to  the  doctrine  of  spontaneous 
'generation,  or  to  the  germ  theory  of  disease,  I  would  simply 
draw  attention  to  the  demonstrable  &ct,  that,  in  the  atmo- 
sphere, we  have  particles  which  defy  both  the  microscope 
and  the  balance,  which  do  not  darken  the  air,  and  which 
exist,  nevertheless,  in  multitudes  sufficient  to  reduce  to 
insignificance  the  Israelitish  hyperbole  r^arding  the  sands 
upon  the  sea-shore. 

The  varying  judgments  of  men  on  these  and  other 
questions  may  perhaps  be,  to  some  extent,  accounted  for 
by  that  doctrine  of  fielativity  which  plays  so  important  a 
part  in  philosophy.  This  doctrine  affirms  that  the  impres- 
idons  made  upon  us  by  any  circumstance,  or  combination 
■of  circumstances,  depend  upon  our  previous  state.  Two 
travellers  upon  the  same  height,  tbe  one  having  ascended 
to  it  from  the  plain,  the  other  ha\'ing  descended  to  it  from 
a  higher  elevation,  will  be  differently  affected  by  the  scene 
around  them.  To  the  one  natiu-e  is  expanding,  to  the 
other  it  is  contracting,  and  feelings  which  have  two 
such  different  antecedent  states  are  sure  to  differ.  In 
our  scientific  judgments  the  law  of  relativity  may  also 
play  an  important  part.     To  two  men,  one  educated 
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■the  school  of  the  senses,  having  mainly  occupied  himself 
-with  oh8er\ation  ;  the  other  educated  in  the  school  of  ima- 
^[inatioD  as  well,  and  exercised  in  the  conceptions  of  atoms 
and  molecules  to  which  we  have  so  frequently  referred,  a 
"bit  of  matter,  say  juooti^^  °f  ^°  ^^^^  i^  diameter,  will 
present  itself  differentlj'.     The  one  descends  to  it  from 
liis  molar  heij^hts,  the  other  climhs  to  it  from  his  mole- 
eolax    low-lands.     To   the  one   it  appears  small,  to  the 
other  large.     So,  also,  as  regards  the  appreciation  of  the 
most  minute  forms  of  life  revealed  by  the  microscope.     To 
one  of  the  men  these  naturally  appear  conterminous  with 
the  ultimate   particles   of  matter ;   there   is  but  a  step 
fi:t)m  the   atom   to   the   organism.      The  other   discerns 
numberless  organic  gradations  between  both.     Compared 
with  his  atoms,  the  smallest  vibrios  and  bacteria  of  the 
microscopic    field   are  as  behemoth  and  leviatlian.     The 
law  of  rebtivity  may  to  some  extent  explain  the  different 
attitudes  of  two  such  persons  with  regard  to  the  question  of 
spontaneous   generation.     An  amoimt  of  evidence  which 
Biitisties  the  one  entirely  fails  to  satisfy  the  other ;  and 
while  to  the  one  the  last  bold  defence  and  startling  ex- 
pansion of  the  doctrine  by  Dr.  Ikstian  will  appear  per- 
ltH:tly   conclusive,  to   the  other  it  will   present  itself  as 
imposing  a  profitless  labour  of  demolition  on  subsequent 
investigators. 

I^t  me  say  here  that  many  of  our  physiological  observers 
appear  to  form  a  very  inadequate  estimate  of  the  distance 
which  separates  the  microscopic  from  the  molecular  limit, 
and  that,  as  a  consequence,  they  sometimes  employ  a 
phraseology  calculated  to  mislead.  When,  for  example, 
the  contents  of  a  cell  are  described  as  perfectly  homo- 
geneous, or  as  absolutely  structureless,  because  the 
microscope  fails  to  distinguish  any  structure  ;  or  when 
two  structures  are  pronounced  to  be  without  difference, 
because  the  microscope  can  discover  none,  then  I  think 
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the  microscope  l)egins  to  play  a  mischievous  part.  A  lit 
consideration  will  make  it  plain  that  the  microscope  ( 
have  no  voice  in  the  question  of  germ  structure.  DistiUa 
water  is  more  perfectly  homogeneoTis  than  any  possible 
organic  germ.  What  is  it  that  causes  the  liquid  to  cease 
contracting  at  39°  Fahr.,  and  to  expand  until  it  freezes  ? 
This  is  a  structural  process  of  which  the  microscope  can  take 
no  note,  nor  is  it  likely  to  do  so  hy  any  conceivable  exten- 
sion of  its  powers.  Place  distilled  water  in  the  field  of  an 
electro-magnet,  and  bring  a  microscope  to  bear  upon  it- 
Will  any  cliange  be  observed  when  the  magnet  is  excited? 
Absolutely  none ;  and  still  profound  and  domplex  changes 
have  occurred.  First  of  all,  the  particles  of  water  have 
been  rendered  diamagnetically  polar;  and  secondly,  in 
virtue  of  the  structure  impressed  upon  it  by  the  magnetic 
whirl  of  its  molecules,  the  liquid  tvrists  a  ray  of  light  in 
a  fashion  perfectly  determinate  both  as  to  quantity  and 
direction. 

Have  the  diamond,  the  amethyst,  and  the  coimtless 
other  crystals  formed  in  the  laboratories  of  nature  and  of 
man  no  structiu'e  ?  Assuredly  they  have  ;  but  what  can 
the  microscope  make  of  it  ?  Nothing.  It  cannot  be  too 
distinctly  borne  in  mind  that  between  the  microscopic 
limit,  and  the  true  molecular  limit,  there  is  room  for 
infinite  permutations  and  combinations.  It  is  in  this  re- 
gion that  the  poles  of  the  atoms  are  arranged,  that  tendency 
is  given  to  their  powers ;  so  that  when  these  poles  and 
powers  have  free  action,  proper  stimulus,  and  a  suitable 
environment,  they  determine,  first  the  germ,  and  after- 
wards the  complete  or;jjanism.  This  first  marshalling  of 
the  atoms,  on  which  all  subsequent  action  depends,  baffles 
a  keener  power  than  that  of  the  microscope.  When  didy 
pondered,  the  complexity  of  the  problem  raises  the  doubt, 
not  of  the  power  of  our  instrument,  for  that  is  nU,  bu 
whether  we  ourselves    possess  the    intellectual  element 
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iich  will  ever  enable  us  to  giapple  with  tbe 
tructiiral  energies  of  nature.' 

In  more  senses  than  one  Mr.  Darwin  has  drawn 
eavily  upon  the  scientific  tolerance  of  his  age.  He 
awn  lieavily  upon  time  in  his  development  of  speeies, 
I  he  has  drawn  adventurously  upon  matter  in  bis  theory 
pangenesis.  According  to  this  theory,  a  germ  already 
licroscopic  is  a  world  of  minor  germs.  Xot  only  is  the 
brganism  as  a  whole  wrapped  up  in  tbe  germ,  but  every 
organ  of  the  organism  has  there  its  special  seed.  This,  I 
say,  is  an  adventurous  draft  on  tlie  power  of  matter  to 
divide  itself  and  distribute  its  forces.  But,  unless  we  are 
perfectly  sure  that  he  is  overstepping  the  bounds  of  rea- 
son, that  he  is  unwittingly  sinning  against  observed  fact 
demonstrated  law — for  a  mind  like  that  of  Darwui  can 
ever  ain  wittingly  against  either  fact  or  law — we  ought, 
think,  to  be  cautious  in  limiting  his  intellectual  hori- 
zon. If  there  be  the  least  doubt  in  the  matter,  it  ought 
i^to  be  given  in  favoiu-  of  the  freedijin  of  such  a  mind.  To 
i  a  vast  possibility  is  in  itself  a  dynamic  power,  though 
the  possibility  may  never  be  drawn  upon.  It  gives  me 
leasure  to  tliink  that  the  facts  and  reasonings  of  this 
jurse  tend  rather  towards  the  justification  of  Mr. 
in,  than  towards  his  condemnation ;  that  they  tend 
rattier  to  augment  than  to  diminisli  the  cubic  space  de- 
manded by  this  soaring  speculator.  I''or  tlicy  seem  to 
show  the  perfect  competence  of  matter  and  force,  as  re- 

*  In  luing  tho  exprecsion  "  one  sort  of  living  sabiitJince  "  I  most  gtianl 
agaiiist  being  supposed  to  mean  that  imy  kiml  of  living  protuplusm  in 
hotuogenoous.  Hvaliiio  though  it  msy  appear,  wo  nro  not  at  present  iibln 
to  assign  nny  limit  to  its  complexity  of  structure. — Bunion  Sanderson,  in 
llio  'British  UeJionl  Journal,'  Janunry  16,  1873. 

We  hare  hero  scientifle  insight,  and  its  corruUitive  caution.     In  fiict 
J}r.  Sanderson's  import.iut  researches  nro  a  continued  illu!>tra[ion  of  the  po- 
down  above. 
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gards  divisiliility  and  distribution,  to  bear  the  heat 
strain  tbat  he  has  hitherto  imposed  upon  them. 

In  the  case  of  Mr.  Darwin,  obsen-ation,  imaginatio 

kJtad    reason    combined,   have   run   back  with    wondeii 

Mgacity  and  success  over  a  certain  length  of  the  line( 

biological  succession.     Guided  by  analogy,  in  his  ' 

of  Species '   he   placed  at  the  root  of  life  a  primordial 

germ,  from  which  he  conceived  the  amazing  richness 

variety  of  the  oi'ganisms  now  upon   the   earth's  snr 

might  be  de<liiced.     If  this  hypothesis  were  even  true,] 

would    not    Ix}    final.      The    human    mind    would 

fallibly  look  behind  the  germ,  and,  however  hopeless  ih 

attempt,  would  enquire  into  the  history  of  its  genesis. 

this   dim    twilight   of  conjecture  the  searcher  welcon 

every  gleam,  and  seeks  to  augment  his  light  by  indite 

incidences.     He  studies  the  methods  of  natme  in  the  age* 

and  the  worlds  witliin  his  reach,  in  order  to  shape  the  oooise 

of  speculation  in  the  antecedent  ages  and  worlds. 

tliough  the  certainty  possessed  by  experimental  enquiry  i 

here  shut  out,  we  are  not  left  entirely  without  guidano 

From   the   examination   of  the   solar  system,  Kant  an 

Laplace  came  to  the  conclusion  that   its  various  bodu 

once  formed  parts  of  the  same  imdislocated  mass ; 

matter  in  a  ncliulous  form  preceded  matter  in  its  present 

form ;    that  as  the  ages  rolled   away,  heat  was  wasted, 

condensation  followed,  planets  were  detached;  and  that 

finally  the  cliief  portion  of  the  hot   cloud    reached, 

self-compression,  the  magnitude  and  density  of  our  su 

Tiie  earth  itself  offers  evidence  of  a  fiery  origin  ;  and 

our  day  the  hypothesis  of  Kant  and  Laplace  i-eceives  ti 

independent   countenance   of    spectnim    analysis,   wliio 

proves  the  same  substances  to  be  conmion  to  the 

and  sun. 

Accepting  some  such  view  of  the  construction  of  oil 
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^stem  as  prolrtible,  a  desire  immediately  arises  to  connect 
lie  present  life  of  our  planet  with  the  past.     We  wish  to 
low  something  of  our  remotest    ancestry.      On  its  first 
Btachment  from  the  central  mass,  life,  as  we  imderstand 
could  not  have  been  present  on  the  earth.     How,  then, 
id  it  come  there  ?    The  thing  to  be  encouraged  here  is  a 
Bverent  freedom — a  freedom  preceded  by  the  hard  dis- 
ipline  which  checks  licentiousness  in  speculation — while 
ie  thing  to  be  repressed,  both  in  science  and  out  of  it,  is 
Bgmatism.     And  here  I  am  in  the  hands  of  the  meeting 
-willing  to  end,  but  ready  to  go  on.     I  have  no  right  to 
atrude  upon  you,  imasked,  the  unformed  notions  which 
floatinn;  like  clouds,  or  gathering  to  more  solid  eon- 
ency,  in  the  modern  speculative  scientific  mind.     But 
if  you  wish  me  to  speak  plainly,  honestly,  and  imdispu- 
tatfously,  I  am  willing  to  do  so.     On  the  present  occa- 
sion— 

You  are  ordained  to  call,  and  I  to  come. 

Well,  your  answer  is  given,  and  I  obey  your  call. 
Two    or    three   years    ago,   in    an    ancieut    London 
allege,    I    listened   to   a   discussion   at   the   end   of    a 
lecture    by    a   very    remarkable    man.      Three    or   four 
hundred    clergymen   were   present  at   the  lecture.     The 
orator    began    with    the    civilisation    of    Egypt    in    the 
time  of  Joseph ;  pointing  out   the  very   perfect  organi- 
sation of   tlie  kingdom,   and  the  possession  of   chariots,. 
^^n  one  of  wliicb  Josepli  rode,  as  proving  a  long  antecedent 
^fteriod.  of  civilisation.     He  then  passed  on  to  the  mud  of 
^^Hie  Nile,  its  rate  of  augmentation,  its  present  thickness, 
^^nd   the    remains  of   human    liandiwork    foxuid    tlierein ; 
thence   to   the   rocks  which  bound  the  Nile  valley,  and 
which  teem  with  org.inic  remains.     Thus  in  his  own  clear 
and  admirable  w:iy  be  caused  tlie  idea  of  tl)e  world's  nge 
to  expand  itself  indefinitely  before  the  minds  of  his  audi- 
ence, and  he  contrasted  this  with  the  age  usually  a8siga^^d 

a  a  i 
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to   the   world.     Daring   his  discourse  be  seein«d  to 

swimming  against  a  strmn ;  he  manifcistly  thought  I 

h«  was    oppofiing  a  general   conviction.      He 

reaisfcance :  so  did  I.     But  it  was  all  a  niistake : 

I  Bft  adii-erse  current,  no  opposing  conviction,  no  rtsist- 

merelj  here  and  there  a  half-humorous,  but  im- 

IMI  fifnifnl.  attempt  to  ent.in^le  him  in    hi:;   talk.    The 

Wftcatipg  agreed  with  all  that  had  been  said  regarding  tlie 

antiquity  of  the  earth  and  of  its  life.     They  had.  indeed, 

kxtown  it  all  long  ago,  and  they  rallied  the  lecturer  for 

coming  amongst    them  with   so   stale   a   story.     It  wm 

quite  plain  that  this  large  body  of  clergymen,  who  were, 

I   should  say,  the  finest  samples  of  their  class,  bad  en* 

tirely  given  up  the  ancient  landmarks,  and  transpoitedj 

the  conci'ption  of  life's  origin  to  an  indefinitely  dista 

Unst. 

This  leads  us  to  the  gist  of  otir  present  enquiry,  whic 
is  this :    IX>es  life  belong  to  what  we  call   matter,  or 
it  an  independent  principle  inserted  into  matter  at  some 
liuitable  epoch — say,  when  the  physical  conditions  became 
"  euch  as  to  permit  of  the  development  of  life  ?     Let  ns 
put   the   ({uestion   with   the   reverence   due   to    a    faith 
and  culture  in  which  we  all   were   cradled,  and  which 
are  tlie  undeniable   historic  antecedents  of  our  pr 
enlightenment.     I  say,  let  us  put  the  question  reverent 
but  let  us  also  put  it  clearly  and  definitely.     There  are 
the  strongest  grounds  for  believing  that  during  a  certain 
period  of  its  history  the  earth  was  not,  nor  was  it  fit 
to   be,   the  theatre   of  life.      Whether  this  was   ever  a 
nebulous   period,  or   merely  a  molten    period,  does  not 
much  matter ;  and  if  we  re\-ert  to  the  nebulous  condition, 
it  is  because  the  probabilities  are  really  on  its  side.     Oar 
question  is  this :    Did  creative  energy  pause   imtil  the 
nebulous  matter  had  condensed,  tmtil  the  earth  had  been 
detached,  until  the  solar  fire  had  so  far  withdrawn  from 
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le   earth's  vicinity  as  to  permit  a  crust  to  gather  round 

le  planet  ?     Did  it  wait  until  the  air  was  isolated  ;  until 

lie  seas  were  formed;  until  evaporation,  condensation,  and 

be  descent  of  rain  had  befjuu ;  until  the  eroding  forces 

the  atmosphere  had  weatliered  and  decomposed  the 

lolteu  rocks  so  as  to  form  soili ;  until  the  sun's  rays  had 

Bcome  so  tempered  liy  distance,  and  by  waste,  as  to  be 

jemically  fit  for  the  decompositions  necessary  to  vege- 

»ble  life  ?     JTaviny  waited  through  those  reons  until  the 

roper  conditions  hud  set  in,  did  it  send  the  fiat  forth, 

[Let  there  be  Lifel'?     These  questions  define  a  hypo- 

liesis  not  without  its  difficulties,  hut  tlie  dignity  of  which 

demonstrated  by  the   nobleness  of  the  men  whom  it 

staiued. 

Modem  scientific  thought  is  called  upon  to  decide 
between  this  hj'pothepis  and  another  ;  and  public  thought 
generally  will  afterwards  be  culled  upon  to  do  the  same. 
But,  however  the  convictions  of  individuals  here  and 
there  may  be  influenced,  the  process  must  be  slow  and 
secular  which  commends  the  hypothesis  of  Natural  Evolu- 
tion to  the  public  mind.  For  what  are  the  core  and 
essence  of  this  hjpothesis  ?  Strip  it  naked,  and  you 
stand  face  to  face  with  the  notion  that  not  alouo  the 
more  ignoble  forms  of  animalcular  or  animal  life,  not 
ulone  the  nobler  forms  of  the  horse  and  lion,  not  alone 
the  exquisite  and  wonderful  mechanism  of  the  human 
body,  but  that  the  hiunau  mind  itself — emotion,  intellect, 
will,  and  all  their  plienomena — were  once  latent  in  a  fiery 
cloud.  Siut'ly  the  mere  statement  of  such  a  notion  is 
more  than  a  refutation.  But  the  hypothesis  woidd  pro- 
bably go  even  farther  than  this.  Many  who  hold  it 
would  probably  assent  to  the  position  that,  at  thn  present  { 
moment,  all  oiur  philosophy,  all  our  poetry,  all  our  science, 
and  all  our  art — PUito,  Shakspeare,  Xewton,  and  Kaphael 
— are  potential  in  the  tires  of  the  sun.     We  long  to  learn 
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sometbinp;  of  our  origin.  If  the  Evolution  hypothesis 
con-ect,  even  this  unsatisfied  yearning  must  have  come  to 
us  across  the  ages  which  separate  the  imconscious  primeval 
mist  from  the  consciousness  of  to-day.  I  do  not  think 
that  any  holder  of  the  Evolution  hypothesis  would  say 
that  I  overstate  or  overstrain  it  in  any  way.  I  merely 
strip  it  of  all  vagueness,  and  bring  before  you,  unclothed 
and  unvarnished,  the  notions  by  which  it  must  stand  or 
faU. 

Surely  these  notions  represent  an  absurdity  too  mon- 
strous to  be  entertained  by  any  sane  mind.  But  why  are 
Buch  notions  absurd,  and  why  should  sanity  reject  them? 
The  law  of  Relativity,  of  which  we  have  previously  spoken, 
may  find  its  application  here.  These  Evolution  notions 
are  absurd,  monstrous,  and  fit  only  for  the  intellectual 
gibbet,  in  relation  to  the  ideas  concerning  matter  which 
were  drilled  into  us  when  young.  Spirit  and  matter  have 
ever  been  presented  to  us  in  the  rudest  contrast,  the  one 
as  all-noble,  the  other  as  all-vile.  But  is  this  correct? 
Upon  the  answer  to  this  question  all  depends.  Supposi 
that,  instead  of  having  the  foregoing  antithesis  of  spirii 
and  matter  presented  to  our  youthful  minds,  we  had 
been  taught  to  regard  them  as  equally  worthy, 
equally  wonderful ;  to  consider  them,  in  fact,  as  two 
posite  faces  of  the  self-same  mystery.  Supposing  that 
youth  we  hud  been  impregnated  with  the  notion  of  the  poet 
Goethe,  instead  of  the  notion  of  tlie  poet  Young,  looking 
at  matter,  not  as  brute  matter,  but  as  the  '  living  garment 
of  God  ; '  do  you  not  think  that  under  these  altered  cir- 
cumstances the  law  of  Eelativity  might  have  had  i^| 
outcome  different  from  its  present  one  ?  Is  it  not  pro- 
bable that  our  repugnance  to  the  idea  of  primeval  union 
between  spirit  and  matter  might  be  considerably  abated  ? 
Without  this  total  revolution  of  the  notions  now  pre- 
valent. ^'  "  ''"->lution  hypothesis  must  stand  condemned; 
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it  in  many  profoundly  thoughtful  minds  such  a  revolu- 
[>n  has  already  taken  place.  They  degrade  neither 
Member  of  the  mysterioas  duality  referred  to  ;  but  they 
lit  one  of  them  from  its  abasement,  and  repeal  tlie 
l^vorce  hitherto  existing  between  both.  In  substance,  if 
Bt  in  words,  their  position  33  regards  the  relation  of 
biritaud  matter  is  :  '  What  God  liafch  joined  together  let 
Dt  man  put  asunder.' 

You  have  been  tlius  led  to  the  outer  rim  of  speculative 
iencG,  for  beyond  the  nebidaj  scientific  thought  has 
rer  hitherto  \enture(l.  I  have  tried  to  state  that  which 
considered  ought,  in  fairness,  to  be  outspoken.  I 
either  think  tliis  Evolution  hypothesis  is  to  be  flouted 
ray  contemptuously,  nor  tliat  it  ought  to  be  denounced 
wicked.  It  is  to  be  brought  before  the  bar  of  dis- 
lpline<l  reason,  and  there  justified  or  condemned.  Let 
hearken  to  tliose  who  wisely  support  it,  and  to  those 
io  wisely  oppose  it ;  and  let  us  tolerate  those,  whose 
le  is  legion,  who  try  foolishly  to  do  eitlier  of  these 
ings.  The  only  thing  out  of  place  in  the  discussion  is 
Dginatism  on  either  side.  Fear  not  the  Evolution  hypo- 
Bsie.  Steady  yoiu-selves,  in  its  presence,  upon  that  faith 
the  ultimate  triumph  of  truth  which  was  expressed 
old  Gamaliel  when  he  said:  'If  it  be  of  Go<l,  ye 
■cannot  overthrow  it;  if  it  be  of  man,  it  will  come  to 
nought.'  Under  the  fierce  light  of  scientific  enquiry, 
it  is  sure  to  be  dissipated  if  it  possess  not  a  core  of  truth. 
Trust  me,  its  existence  as  a  hypotliesis  is  quite  com- 
patible with  tlie  simultaneous  existence  of  all  those  virtues 
to  which  the  term  '  Christian '  has  been  applied.  It  does 
■not  solve — it  does  not  profess  to  solve — the  idtimate 
mystery  of  this  universe.  It  leaves,  in  fact,  that  mystery 
untouched.  For,  granting  the  nebula  and  its  potential 
life,  the  question,  whence  they  came,  would  still  remain 
to  balHe  and  bewilder  us.     At  bottom,  tlie  hypothesis  does 
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nothing  more  than '  transport  the  conception  of  lifesori^  f^ 
to  an  indefinitely  distant  past.'  cne 

Tliose  who  hold  the  doctrine  of  Evolution  are  by  »  ir.e 
means  ignorant  of  the  uncertainty  of  their  data,  and  UktIb  G 
only  yield  to  it  a  provisional  assent.     They 
nebular  hypothesis  as  probable,  and,  in  the  utter 
of  any  evidence  to  prove  the  act  illegal,  they  extend 
method  of  nature  from  the  present  into  the  past, 
the  observed  tiuiformity  of  nature  is  their  only 
Within  the  long  range  of  physical  enquiry,  they 
never    discerned   in    nature    the  insertion    of   capni 
Throughout  this  range,  the  laws  of  physical  and  iat( 
lectual  continuity  have  run  side  by  side.     Having 
determined  the  elements  of  their  curve  in  a  vrorld 
observation  and  experiment,  they  prolong  tliat  curve  inl 
an  antecedent  world,'  and  accept  aa  probable  the  imbroki 
sequence  of  development  from  the  nebula  to  the  prtseW 
time.     You  never  hear  the  really  philosophical  defemli'n 
of  the  doctriuc  of  Uniformity  speaking  of  impoissih'illti^ 
in  natme.     They  never   say,  what  they  are    constantlj 
charged  with  saying,  that  it  is  impossible  for  the  BuiUei 
of  the  imiverse  to  alter  His   work.      Their  business 
not  with  the  possible,  but  the  actual — not  with  a  woi 
which  'Plight  be,  but  with  a  world  that  is.     This 
explore  with  a  courage  not  unmixed  with  revcrenco, 
according  to  methods  which,  like  the  quality  of  a  tree,  i 
tested  by  their   fruits.     They  have  but  one   desii 
know  the  truth.     They  liave  but  one  fear — to  belie' 
lie.     And  if  they  know  the  strength  of  science,  and 
upon  it  with  imswerviug  tnist,  they  also  know  the 
beyond  which  science  ceases  to  be  strong.     They  best  ki 
that  questions  offer  themselves  to  thought,  which  scie: 
as  now  prosecuted,  has  not  even  the  tendency  to  soli 
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;ey  keep  sucb  questions  open,  and  will  not  tolerate  any 
axinecessary  limitation  of  tlie  horizon  of  their  souls.  They 
ve  as  little  fellowship  with  the  atheist  who  says  there  is 
God,  as  with  the  theistwlio  professes  to  know  the  mind 
»f  God.  'Two  things,'  said  Immanuel  Kant, 'till  me  with 
■'We  :  the  starry  heavens,  and  the  sense  of  moral  responsi- 
aility  in  man.'  And  in  his  hours  of  health  and  strength 
x»d  sanity,  when  the  stroke  of  action  has  ceased,  and  the 
use  of  reflection  has  set  in,  the  scientific  investigator 
ids  himself  overshadowed  by  the  same  awe.  Breaking 
contact  witli  the  hampering  details  of  earth,  it  associates 
lim  with  a  Power  which  gives  fulness  and  tone  to  his 
iXiatence,  but  which  he  can  neither  analyse  nor  com- 
prehend. 


Musings  on  the  Matte^'hcnm,  July  27,  1868. 


k'  Hacked  and  hurt  by  time,  the  aspect  of  the  moun- 
n  from  its  higher  crags  saddened  me.  Hitherto  the 
pressiou  it  made  was  that  of  savage  strength  ;  here  we 
^  .  had  inexorable  decay.  But  this  notion  of  decay  implied 
^  a  reference  to  a  period  when  the  Watterhorn  was  in  the 
^  full  strength  of  mouutainhood.  Thought  naturally  ran 
^  back  to  its  remoter  origin  and  sculptiu-e.  Nor  ditl 
1^  thought  halt  there,  but  wandered  on  through  molten 
^  worlds  to  that  nebulous  haze  whicli  philosojihers  have  re- 
I  gard(.'d,  and  with  good  reason,  as  the  proximate  source  of 
1^  all  material  things.  I  tried  to  look  at  this  universal 
1^  cloud,  containing  within  itself  the  prediction  of  all  that 
^haa  since  occurred  ;  I  tried  to  imagine  it  as  the  seat  of 
B^ose  forces  whose  action  was  to  issue  in  solar  and  stellar 
[systems,  and  all  that  they  involve.  Did  that  formless  fog- 
contain   potentially   the  sadnetis  with  which  I  regarded 
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IHE  origin,  growtb,  and  energies  of  living  things  are 
subjects  which  have  always  engaged  the  attention  of 
King  men.  To  account  for  them  it  was  usual  to  assume 
ecial  agent,  free  to  a  great  extent  from  the  limitiitions 
erved  among  the  powers  of  inorganic  nature.  This  agent 
called  the  vital  force;  and,  under  its  influence,  ])lants 
id  animals  were  supposed  to  collect  their  materials  and 
assume  determinate  forms.  Witlu'n  the  last  few  years, 
lo"wevcr,  our  ideas  of  vital  processes  have  undergone  pro- 
>UTid  modifications;  and  the  interest, and  even  disquietude, 
ihich  the  cliange  has  excited  are  amply  evidenced  hy  the 
Isciissions  and  protests  which  are  now  common  regarding 
t*C5  phenomena  of  vitalit}'.  In  tracing  these  phenomena, 
trough  all  their  modifications,  the  most  advanced  philoso- 
n«?rs  of  the  present  day  declare  that  they  ultimately  arrive 
t-  a  single  source  of  power,  from  which  all  vital  energy  is 
^lived;  and  the  disquieting  circumi.tance  is  that  this 
t^tirce  is  not  the  direct  fiat  of  a  supernatural  agent,  but  a 
^Servoir  of  what,  if  we  do  not  accept  the  creed  of  Zoroaster, 
'liist  be  regarded  as  inorfjanic  force.  In  sliort,  it  is  con- 
^tlered  as  proved  that  all  the  energy  which  we  derive  from 
'lants  and  animals  is  drawn  from  the  sun. 

A  few  ye^irs  ago,  when  the  sun  was  affirmed  to  be  the 
'OXirce  of  life,  nine  out  of  ten  of  those  who  are  alarmed  by 
lihe  forna  which  this  assertion,  has  latterly  assumed  ^ovvld^ 
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have  assented,  in  a  general  way,  to  its  correctness, 
assent,  however,  vraa  more  poetic  than  scientific,  ai 
were  liy  no  means  prepared  to  see  a  rig^d  mechanic 
nification  attached  to  their  words.  This,  bowever, 
peculiarity  of  modern  conclusions: — that  there  is  no 
energy  whatever  in  the  vegetiible  or  animal  organii 
tliat  all  the  power  which  we  obtain  from  the  mn 
man  and  animalf ,  as  much  as  that  which  we  de\i 
the  combustion  of  wood  or  coal,  has  been  produce< 
sun's  expense.  The  sun  is  so  much  colder  that  we  mi 
our  fires  ;  he  is  also  so  much  colder  that  we  may  bl 
horse-racing  and  Alpine  climbing.  It  is,  for  en 
certain  that  the  sun  has  been  chUled  to  an  extent  ( 
of  being  accurately  expressed  in  numbers,  in  ordec 
nish  the  power  which  lifted  this  year  a  certain  nul 
tourists  from  the  vale  of  Chamouni  to  the  summit  o 
Blanc. 

To  most  minds,  however,  the  energy  of  light  all 
presents  itself  as  a  thing  totally  distinct  from  ordinl 
chanical  energy.  But  either  of  them  can  be  derirt 
the  other.  Wood  can  be  raised  by  friction  to  the  Uf 
ture  of  ignition  ;  while  by  properly  striking  a  piece 
a  skilful  blacksmith  can  cause  "it  to  glow.  Thus, 
rude  agency  of  his  hammer,  he  generates  light  an 
This  action,  if  carried  far  enough,  would  produce  th 
and  heat  of  the  sun.  In  fact  the  sun's  light  and  he 
actually  been  referred  to  the  fall  of  meteoric  matti 
his  surface;  and  whether  the  sun  is  thus  supported! 
it  is  perfectly  certain  that  he  might  be  thus  sujl 
Whether,  moreover,  the  whilom  molten  condition 
planetwas,  as  supposed  by  eminent  men,  due  to  the  o 
of  cosmic  masses  or  not,  it  is  perfectly  certain  tl 
molten  condition  might  he  thus  brought  about.  I 
solar  light  and  heat  can  be  produced  by  the  impact  < 
matter,  and  if  fi'om  the  light  and  heat  thus  produc< 
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"derive  the  energies  ■wliicli  we  have  been  accustomed  to  call 
lutal,  it  indiihitaVjly  follows  that  vital  energy  may  have  a 
proximately  mechanical  origin. 

In  what  sense,  then,  is  the  sun  to  be  regarded  as  the 

•origin  of  the  energy  derivable  from  pliiiits  and  animals  ? 

L«et  ns  try  to  give  an  intelligible  answer  to  this  question. 

Water  may  be  raised  from  the  sea-level  to  a  high  elevation, 

and  then  permitted  to  descend.     In  descending  it  may  be 

made  to  assume  various  forms — ^^to  fall  in  cascades,  to  spurt 

in  foimtains,  to  boil  in  eddies,  or  to  flow  tranquilly  along  a 

Tiniform  bed.     It  may,  moreover,  be  caused  to  set  complex 

,      machinery  in  motion,  to  turn  millstones,  throw  shuttles, 

.     work  saws  and  hammers,  and  drive  piles.     But  every  form 

of  power  hero  indicated  would  be  derived  from  the  original 

power  expended  in  raising  the  water  to  the  height  from 

-which    it   fell.      There  is  no  energy   r/enerated  liy   the 

machinery ;   the  work   performed   by  the   water   in   de- 

^^  fcending  is  merely  the  parcelling  out  and  distribution  of 

i.hc  work  expended  in  raising  it.     In  precisely  this  sense 

08  all  the  energy  of  plants  and  animals  the  parcelling  out 

and  distribution  of  a  power  originally  exerted  by  the  sun. 

In  the  case  of  the  water,  the  source  of  the  power  consists  in 

the  forcible  separation  of  a  quantity  of  the  liquid  from 

Ji  low  level  of  the  earth's  surface,  and  its  elevation  to  a 

higher  position,  the  power  thus  expended  being  returnejj 

by  the  water  in  its  descent.     In  tlie  case  of  vital  pheno- 

^  taena,  the  source  of  power  consists  in  the  forcible  separa- 

^^  tion  of  the  atoms  of  compotmd  substances  by  the  sim.'    We 

name  the  force  wliich  draws  tlie  water  earthward  '  arravitv,' 

and  tliat  wiiich  draws  atoms  together  'chemicul  affinity; ' 

'       lut  these  different  names  must  not  mislead  ns  regarding 

"the   qualitative   identity  of  the    two  forces,       Tliey  are 

Vtoth  at(r(tction8 ;  and,  to  the  intellect,  the  falling  of  carbon 

p^         '  Referred  to  further  in  Arts.  I.,  III.,  and  IV.,  Part  I.  j  and  Art.  VIU., 
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atoms  against  oryj^'en  atoms  is  not  more  difficult  of  o» 
ception  than  the  falling  of  water  to  the  eartli. 

The  building  tip  of  the  vegetable,  then,  is  eSVcted  bf' 
the  sun,  through  the  reduction  of  chemical  oom{x»iiiik 
The  phenomena  of  animal  life  are  more  or  less  complictfd 
reversals  of  these  processes  of  reduction.  We  ett  tii 
vegetable,  and  we  breathe  the  oxygen  of  the  air;  andinnr 
Iwdies  the  oxygen,  which  had  been  lifted  from  the  taAm 
and  hydrogen  by  the  action  of  the  sun,  again  falls  towu4 
them,  producing  animal  heat  and  developing  animal  fern, 
Througli  the  most  complicated  phenomena  of  %-itality  dai 
law  runs  : — the  vegetable  is  produced  while  a  weight  rj«, 
the  animal  is  produced  while  a  weight  falls.  But  the  qi 
tion  is  not  exhausted  here.  The  water  employed  in 
first  illustration  generates  all  the  motion  displayed 
descent,  but  the  form  of  the  motion  depends  on  the 
racter  of  the  machinery  interposed  in  the  path  of 
water.  In  a  similar  way,  the  primary  action  of  the 
rays  is  tjualified  by  the  atoms  and  molecules  among 
their  energy  is  distributed.  JNIolecular  forces  detei 
the  form  which  the  solar  energy  will  assume.  In  the 
ration  of  the  carbon  and  oxygen  this  energy  may  be  so 
ditioned  as  to  result  in  one  case  in  the  formation 
cabbage,  and  in  Another  case  in  the  formation  of  aa 
So  also,aH  regards  tJie  reunion  of  the  carbon  and  t ' 
the  molecular  machinery  through  which  the  ■ 
energy  acts  may,  in  one  case,  weave  the  texture  of  a 
while  in  another  it  may  weave  the  texture  of  a  man. 

The  matl«r  of  the  animal  body  is  that  of  inoi 
nature.     There  is  no  substance  in  the  atumal  tissues  y> 
is  not  primarily  derived  from  the  rocks,  the  wat«r, 
the  air.     Are  the  forces  of  organic  matter,  then,  dific: 
in  kind  from  those  of  inorganic  matter  ?     The  pliiloeo' 
of  the  present  day  negatives  the  question.       It  is 
compounding,  in  tlie  organic  world,  of  forces  bel 


%m^ 


VITAHTV. 


lually  to  the  inorganic,  that  constitutes  the  mystery  and 

r  miracle  of  vitality.    Every  portion  of  every  animal  body 

ly  be  reduced  to  purely  inorganic  matter.     A  perfect  re^ 

?rsal  of  this  process  of  reduction  would  carry  us  from  the 

Borganic  to  the  organic ;  and  such  a  reversal  is  at  least 

jnceivable.     The  tendency,  indeed,  of  modem  science  is 

break  down  the  wall  of  partition  between  organic  and 

lorganic,  and  to  reduce  both  to  the  operation  of  forces 

jrhich  are  the  same  in  kind,  but  which  are  variously  com- 

>unded. 

Consider  the  question  of  personal  identity,  in  relation 
_to  that  of  molectilar  form.  Twenty-six  years  ago  Mayer, 
Heilbronn,  with  that  power  of  genius  which  breathes 
fcrge  meanings  into  scanty  facts,  pointed  out  that  the  blood 
Ewas  '  the  oil  of  the  lamp  of  life,'  the  combustion  of  which,. 
like  that  of  coal  in  grosser  cases,  sustains  muscidar  action. 
le  muscles  are  the  machinery  by  which  the  dynamic 
)wer  of  the  blood  is  brought  into  play.  Thus  the  blood 
consumed.  But  the  whole  body,  though  more  slowly 
the  blood,  wastes  also,  so  that  after  a  certain  number 
years  it  is  entirely  renewed.  How  is  the  sense  of  per- 
aonal  identity  maintained  across  this  flight  of  molecules? 
To  man,  as  we  know  him,  matter  is  necessary  to  conscious- 
'ness;  but  the  matter  of  any  period  may  be  all  chaugi'd,. 
while  consciousness  exhibits  no  solution  of  continuity. 
Like  changing  sentinels,  the  oxygen,  hydrogen,  and  carljon 
that  depart,  seem  to  whisper  tlieir  secret  to  their  comrades 
that  arrive,  and  thus,  while  the  Non-ego  sliifts,  the  Ego  re- 
mains intact.  Constancy  of  form  in  the  gi'ouping  of  the 
molecules,  and  not  constancy  of  the  molecides  themselves, 
the  correlative  of  this  constancy  of  perception.  Life 
a  iviire  which  iu  no  two  consecutive  moments  of  its 
ristence  is  composed  of  the  same  particles. 

.Supposing,  then,  the  molecules  of  the  human  body, 
astoad  of  replacing   otliers,  and  thus   renewing  a  pre- 
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'  fbnn,  to  be  gathered  fiist  hand  &om  luture 
pot  together  in  the  aame  lelatiTe  positions  as  thoae 
rth^  oeeapj  in  the  body.     Sappooog  them  to  hare  the 
'•dfiame  fansa  and  distnbotioii  of  forces,   the  seliisuDe 
motion*  and  distribatioii  of  motMos — would  this  organiKd 
^«ODeoixne  of  moleoules  stand   before   us   as   a   Eentient 
thinking  being  ?     There  seems  no  \-alid  reason  to  believe 
that  it  would  not.     Or,  supposing  a  planet  car^-ed  from 
the  son,  set  spinning  round  an  axis,  and  revolving  round 
tlte  sun   at  a  distance  from  him  equal  to   that  of 
earth,  would  one  of  the  eonseqnences   of  its    refrigei 
tion  be  the  development  of  organic  forms?    I  lean  to  the 
affirmative.    Struettiral  finees  are  certainly  in  the  mass, 
whether  or  not  those  forces  reach  to  the  extent  of  forming 
a  plant  or  an  animal.     In  an  amorphous  drop  of  water  lie 
latent  all  the  marvels  of  crvftalline  force ;  and  who 
set  limits  to  the  possible  play  of  molecules  in  a  cooi 
planet  ?  If  these  statements  startle,  it  is  because  matter 
lias  been  defined  and  maligned  by  philosophers  and  theo- 
logians, who  were  equally  unaware  that  it  is,  at  bottom, 
'  essentially  mystical  and  transcendental. 

Questions  such  as  these  derive  their  present  interest 
great  part  from  their  audacity,  which  is  sure,  in  due  time, 
to  disappear.  And  the  sooner  the  public  dread  is  abolished 
witb  reference  to  such  questions  the  better  for  the  cause 
of  tnith.  As  regards  knowledge,  physical  science  is  polar. 
In  one  sense  it  knows,  or  is  destined  to  know,  everything. 
In  another  sense  it  knows  nothing.  Science  understands 
much  of  this  intermediate  phase  of  things  that  we  call 
natiu-e,  of  which  it  is  the  product ;  but  science  knows 
nothiug  of  the  origin  or  destiny  of  nature.  Who  or  what 
icade  the  sun,  and  gave  liis  rays  their  allege<l  power? 
AMio  or  wliat  made  and  bestowed  upon  the  idtimate  partial 
|-cles  of  matter  their  wondrous  power  of  ^•aried  interaction^^ 
cience  does  not  know :  the  mystery,  though  pushed  back 
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emains  unaltered.  To  many  of  us  who  feel  that  there 
re  more  things  in  heaven  and  earth  than  are  dreamt  of  in 
he  present  philosophy  of  science,  but  who  have  been  also 
aught,  by  baffled  efforts,  how  vain  is  the  attempt  to 
Tapple  with  the  Inscrutable,  the  ultimate  frame  of  mind 
i  that  of  Goethe: 

Wlio  dares  to  name  Bis  name. 

Or  belief  in  Him  procliiim, 

Veiled  in  mystery  as  He  is,  the  All-enfolder  ? 

Gleams  across  the  mind  His  light. 

Feels  the  lifted  soul  His  might, 

Dare  it  then  deny  His  reign,  the  All-npholder  ? 


All  the  '  materialism '  of  the  '  Belfast  Address '  seenas 
>  me  to  be  concentrated  in  this_^somewhat  ancient  frag- 
lent.     1875. 


H  u 
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VI. 

OiV  PRATER  AS  A   FOR^^  OF  PRYSICAL  EX 

1872. 

THE  Editor  of  the 'Contemporary   Review'  is 
enough  to  grant  me  space  for  eome  remarks 
subject,  a  former  reference  to  which  has  brougb 
upon  me  a  considerable  amount  of  animadversion.* 
It  may  be  interesting  to  some  of  my  readers  if  I 
at  a  few  cases  illustrative  of  the  history  of  the 
mind,  in  relation  to  this  and  kindred  questions, 
fomrth  century  the  belief  in  Antipodes  was  deenl 
scriptural  and  heretical.    Tlie  pious  Lactantius  was  a 
with  the  people  who  held  this  notion  as  my  censors  i 
with  me,  and  quite  as  unsparing  in  his  denimciations 
'  Monstrosities.'     Lactantius  was  irritated  because, 
mind,  by  education  and  habit,  cosmogony  and  B 
were  indissoluhly  associated,  and,  therefore,  simultai 
disturbed.     In  the  early  part  of  the  seventeenth 
the  notion  that  the  eiirth  was  fixed,  and  that  the  si 
stars  revolved  round  it  daily,  was  interwoven  with  re 
feeling,  the  separation  then  attempted  by  Galileo  as 
the  animosity  and  kindling  the  persecution  of  the  C 
Men  still  living  can   remember  the  indignation 
by  the  first  revelations  of  geology  regardinr'  the 
the  earth,  the  association  between  chronology  and  « 
being  for  the  time  indissoluble.     In  our  day,  howe\T 

'  I  WHS  mmlo  awaro  of  this  by  tho  newspnpcra  which  reucbed 
Switzarlund  in  July  1872. 
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-informed  theologians  are  prepared  to  admit  tliat  our 
views  of  the  Universe  and  its  Author  are  not  impaired, 
but  improved,  by  the  abandonment  of  the  Mosaic  account 
of  the  Creation.  Look,  finally,  at  the  excitement  caused 
by  the  publication  of  the  '  Origin  of  Species ; '  and  com- 
pare it  with  the  calm  attendant  on  the  appearance  of  the ' 
far  more  outspoken,  and,  from  the  old  point  of  view,  more 
impious, '  Descent  of  Man.' 

Thus  religion  survives  after  the  removal  of  what  had 
been  long  considered  essential  to  it.  In  our  day  the  Anti- 
podes are  accepted  ;  the  fixity  of  the  earth  is  given  up  ; 
the  period  of  Creation  and  the  reputed  age  of  the  world 
^B  alike  dissipated;  Evolution  is  looked  upon  without 
l«Tor,  and  other  changes  have  occtu-red  in  the  same  direc- 
tion too  numerous  to  be  dwelt  upon  here.  In  fact,  from 
the  earliest  times  to  the  present,  religion  has  been  under- 
going a  process  of  purification,  freeing  itself  slowly  and 
painfidly  from  the  physical  errors  which  the  active  but 
uninformed  intellect  mingled  with  the  aspirations  of  the 
soul.  Some  of  us  think  that  a  final  act  of  purification  is 
needed,  while  others  oppose  this  notion  with  the  confidence 
and  the  warmth  of  ancient  times.  The  bone  of  conten- 
tion at  present  is  the  physical  value  of  prayer.  It  is  not 
my  wish  to  excite  sui-prise,  much  less  to  draw  forth  protest, 
the  employmeut  of  this  phrase.  I  would  simply  ask 
intelligent  person  to  look  the  problem  honestly  in  the 
ice,  and  then  to  say  whether,  in  the  estimation  of  the 
great  body  of  those  who  sincerely  resort  to  it,  prayer  does 
not,  at  all  events  upon  special  occasions,  invoke  a  Power 
which  checks  and  augments  the  descent  of  rain,  which 
changes  tlie  force  and  direction  of  winds,  which  aflects  the 
growth  of  corn,  and  the  health  of  men  and  cattle — a  Power, 
in  short,  which,  when  appealed  to  imder  pressing  circum- 
stances, protluces  the  precise  effects  caiL'sed  by  pliysical 
iergy  in  the  ordinary  course  of  things.  To  any  person 
n  u  2 
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viho  deals  sincerely  with  the  subject,  and    refuses  to  ' ' 
his  moral  vision  by  intellectual  subtleties,  tliiii,  I  thiii, 
appear  a  true  statement  of  the  case. 

It  is  under  this  aspect  alone  that  the  scientific  stml.  n:, 
so  far  as  I  represent  him,  has  any  wish  to  meddle  wil 
'  prayer.  Forced  upon  his  attention  as  a  form  of  phy 
energy,  or  as  the  equivalent  of  such  energy,  he  claims  the 
right  of  subjecting  it  to  those  methods  of  oxaminatum 
from  which  all  our  present  knowledge  of  the  phyaial 
universe  is  derived.  And  if  his  researches  lead  him 
conclusion  adverse  to  its  claims — if  his  enquiries  rivet  I 
still  closer  to  the  philosophy  implied  in  the  words,  *  Ht 
maketh  His  sun  to  shine  on  the  evil  and  on  the  good, 
and  scudctli  rain  upon  tlie  just  and  upon  the  tmjust  '- 
contends  only  for  the  displacement  of  prayer,  not  for 
extinction.  Ho  simply  says,  physical  nature  is  not 
legitimate  domain. 

This  conclusion,  moreover,   must   be  based  on  pure 
physical  evidence,  and  not  on  any  inherent  unreasonable- 
ness in  the  act  of  prayer.     The  theory  that  the  system  of 
nature  is  under  the  control  of  a  Being  who  changes  phe- 
nomena in  compliance  with  the  prayers  of  men,  is,  in  my 
opinion,  a  perfectly  legitimate  one.     It  may  of  course  lie 
rendered    futile   ])y   being    associated   with    conceptiott 
which  contradict  it ;  but  such  conceptions  form  no  necft- 
sary  part  of  the  theory.    It  is  a  matter  of  experience  that 
an  earthly  father,  who  is  at  the  same  time  both  wi^e  and 
tender,  listens  to  the  requests  of  his  children,  and,  if  the 
do  not  ask  amiss,  takes  pleasure  in  granting  their  ret|ues 
We  know  also  tliat  this  compliance  extends  to  the  alteratio 
within  certain  limits,  of  the  current  of  events  on 
With  this  suggestion  offered  by  experience,  it  is  no  ( 
parture  from  scientific  method  to  place   beliind  natuni 
phenomena  a  Universal  Father,   who,  in  answer  to 
prayers  of  His  children,  alters  the  currents  of  those  phe 
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^Bena.  Thus  far  Theology  and  Science  go  hiintl  in  hand, 
^■he  conception  of  an  aether,  for  example,  trembling  with 
^Be  waves  of  light,  is  sugge^^ted  by  the  ordinary  phenomena 
^K  wave-motion  in  water  and  in  air;  and  in  like  manner 
"the  conception  of  personal  volition  in  nature  ia  suggested  by 

I  he  ordinaiy  action  of  man  upon  earth.  I  therefore  urge  no 
mposs ill i( it if^,  though  I  am  constantly  charged  with  doing 
i.  I  do  not  even  urge  inconsistency,  but,  on  the  contrary, 
rankly  admit  that  the  tlicologian  has  ns  good  a  right  to 
(  place  his  conception  at  the  root  of  phenomena  as  I  have  to 
place  mine. 

But  without  vevificatiivi  a  theoretic  conception  is 
lere  figment  of  the  intellect,  and  I  am  sorry  to  find  us 
rting  company  at  this  point.  The  region  of  theory, 
th  in  science  and  theology,  lies  behind  the  world  of 
|e  senses,  but  the  verification  of  theory  occurs  in  the 
isible  world.  To  check  the  theory  we  have  simply  to 
ipare  the  deductions  from  it  with  the  facts  of  observa- 
on.  If  the  deductions  be  in  accordance  with  the  facts, 
accept  tlie  theory :  if  in  opposition,  tlie  theory  is 
ren  up.  A  single  experiment  is  frequently  devised,  by 
bich  the  theory  must  stand  or  fall.  Of  this  character 
the  determination  of  the  velocity  of  light  in  liquids, 
as  a  crucial  test  of  the  Emission  Theory.  According  to 
it,  light  travelled  faster  in  water  than  in  air ;  according 
to  the  Undulatory  Theoiy,  it  travelled  faster  in  air  tlian 
in  water.  An  experiment  suggested  by  Arago,  and  exe- 
cuted by  Fizeau  and  Foucault,  was  conclusive  against 
Newton's  theory. 

But,  while  science  cheerfully  submits  to  this  ordeal,  it 
seems  impossible  to  devise  a  mode  of  verification  of  their 
theories  wliich  does  not  arouse  resentment  in  theological 
minds.  Is  it  that,  while  the  pleasiue  of  the  scientific  man 
culminates  in  the  demonstrated  harmony  between  theory 
and  fact,  the  highest  pleasure  of  the  religious  man  has 
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licen  already  tasted  in  the  very  act  of  praying,  prior  ta 
verification,  any  further  effort  in  this  direction  being  x 
mere  disturbance  of  his  peace  ?  Or  is  it  that  we  hare 
heiore  us  a  residue  of  that  mysticism  of  the  middle  aget, 
so  admirably  described  by  Wliewell — that  'practice  of 
referring  things  and  events  not  to  clear  and  distinct 
notions,  not  to  general  rules  capable  of  direct  verification, 
but  to  notions  vague,  distant,  and  vast,  which  we  cannot 
bring  into  contact  with  facts;  as  when  we  connect  natunl 
events  with  moral  and  historic  causes.'  '  Tlius,'  he  con- 
tinues, '  the  character  of  mysticism  is  that  it  refers  parti- 
culars, not  to  generalisations,  homogeneous  and  inust- 
diate,  but  to  such  as  are  heterogeneous  and  remote ;  to 
which  we  must  add  that  the  process  of  this  reference  ii 
not  a  calm  act  of  the  intellect,  but  is  accompanied  with  a 
glow  of  enthusiastic  feeling.'  - 

Every  feature  here  depicted,  and  some  more  questio^H 
able  ones,  have  shown  themselves  of  late  ;  most  consp^T 
cuously,  I  regret  to  say,  in  the  '  leaders '  of  a  weekly 
journal  of  considerable  influence,  and  one,  on  manr 
grounds,  entitled  to  the  respect  of  thoughtful  men.  In 
the  correspondence,  however,  published  by  the  same 
journal,  are  to  be  found  two  or  three  letters  well  calcu- 
lated to  correct  the  temporary  fiightiness  of  the  journal 
itself. 

It  is  not  my  habit  of  mind  to  think  otherwise  than 
solemnly  of  the  feeling  which  prompts  prayer.  It  is  a 
power  which  I  should  like  to  see  guided,  not  extin- 
guished— devoted  to  practicable  objects  instead  of  wasted 
npon  air.  In  some  form  or  other,  not  yet  evident,  it 
may,  as  alleged,  be  necessary  to  man's  highest  culture. 
Certain  it  is  that,  while  I  rank  many  pei-sons  who  resort 
to  prayer  low  in  the  scale  of  being — natural  fooUshnesa, 
bigotry,  and  intolerance  being  in  their  case  intensified  by 
the  notion  that  they  have  access  to  the  ear  of  God — I  ro- 
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jjard  others  who  employ  it,  as  f  ormiDg  part  of  the  very 
-cream  of  the  earth.  The  faith  that  adds  to  the  folly 
and  ferocity  of  the  one,  is  turned  to  eaduring  sweet- 
ness, holiness,  abounding  charity,  and  self-sacrifice  by  the 
other.  Religion,  in  fact,  varies  with  the  nature  upon  which 
it  falls.  Often  unreasonable,  if  not  contemptible,  prayer, 
iu  its  purer  forms,  bints  at  disciplines  which  few  of  us  can 
neglect  without  moral  loss.  But  no  good  can  come  of 
frying  it  a  delusive  value,  by  claiming  for  it  a  power  in 
physical  nature.  It  may  strengthen  the  heart  to  meet 
life's  losses,  and  thus  indirectly  promote  physical  well- 
being,  as  the  digging  of  ^sop's  orchard  brought  a  treasure 
of  fertility  greater  than  tlie  golden  treasiue  sought.  Such 
indirect  issues  we  aU  admit ;  but  it  would  be  simply  dis- 
honest to  affirm  that  it  is  such  issues  that  are  always  in 
view.  Here,  for  the  present,  I  must  end.  I  ask  no  space 
to  reply  to  those  railers  who  make  such  free  use  of  the 
terms  insolence,  outrage,  profanity,  and  blasphemy. 
They  obviously  lack  the  sobriety  of  mind  necessary  to 
^ve  accuracy  to  their  statements,  or  to  render  their 
charges  worthy  of  serious  refutation. 
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AN  impulse  inherent  in  primeval  man  turned 
thoughts  and  questionings  betimes  towards  th( 
sources  of  natural  phenomena.  The  same  impulse,  inherit 
and  intensified,  is  the  spur  of  scientific  action  to-day.  Dete 
mined  by  it,  by  a  process  of  abstraction  from  experience  we 
form  physical  theories  which  lie  beyond  the  pale  of  experi- 
ence, but  which  satisfy  the  desire  of  the  mind  to  see  every 
natural  occurrence  resting  upon  a  cause.  In  forminji 
their  notions  of  the  origin  of  things,  oiu-  earliest  historii 
(and  doubtless,  we  might  add,  our  prehistoric)  ancesto) 
pursued,  as  far  as  their  intelligence  permitted,  the 
course.  They  also  fell  back  upon  experience ;  but 
this  difference — that  the  particular  experiences  which 
furnished  the  weft  and  woof  of  their  theories  were  drawn, 
not  from  the  study  of  nature,  but  from  what  lay  much 
closer  to  them — the  obser^•ation  of  men.  Their  theorii 
i  accordingly  took  nn  anthropomorphic  form.  To  supei 
sensual  beings,  which,  'however  potent  and  invisibl 
were  nothing  but  a  species  of  human  creatures,  perhaps 
raised  from  among  mankind,  and  retaining  all  human 
passions  and  appetites,''  were  handed  over  the  rule  am 
governance  of  natural  phenomena. 

Tested    by   observation    and    reflection,   these   earl 
notions  failed  in  tlie  long  run  to  satisfy  the  more  pel 

'  Hume,  '  Xntarol  History  of  Beli^on.' 
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Ung  intellects  of  our  race.  Far  iu  the  depths  of  hi?- 
"tory  we  find  men  of  exceptional  power  differentiating 
"themselves  from  the  crowd,  rejecting  these  anthropo- 
3ttorphic  notions,  and  seeking  to  connect  natural  pheno- 
■anena  witli  their  physical  principles.  But,  long  prior  to 
"these  purer  efforts-of  the  understanding,  the  merchant  had 
"been  abroad,  and  rendered  the  philosopher  possible ;. 
■commerce  liad  been  developed,  wealth  amassed,  leisure 
■:for  travel  and  speculation  seciired,  while  races  educated 
-under  different  conditions,  and  therefore  differently  in- 
:formed  and  endowed,  had  been  stimulated  and  sharpened 
"by  mutual  contact,  In  those  regions  where  the  com- 
mercial aristocracy  of  ancient  Greece  mingled  with  its 
«astem  neighbours,  the  sciences  were  bom,  being  nur- 
tured and  developed  by  free-thinking  and  courageous 
men.  The  state  of  things  to  be  displaced  may  be  gathered 
from  a  passage  of  Euripides  quoted  by  Hume.  '  There  is 
nothing  in  the  world;  no  glory,  no  prosperity.  The  gods 
toss  all  into  confusion ;  mix  everytliing  with  its  reverse,. 
that  all  of  us,  from  our  ignorance  and  uncertainty,  may 
pay  them  the  more  worship  and  reverence.'  Now,  as 
ecience  demands  the  radical  extirpation  of  caprice,  and  tlie 
absolute  reliance  upon  law  in  nature,  there  grew,  with  tlie 
growth  of  scientific  notions,  a  desire  and  determination  to 
»weep  from  the  field  of  tlieory  this  mob  of  gods  and  de- 
mons, and  to  place  natural  phenomena  on  a  basis  more 
congruent  with  themselves. 

The  problem  which  had  been  previously  approaclied 
from  above,  was  now  attacked  from  below ;  theoretic 
effort  passed  from  the  super-  to  the  sub-sensible.  It  was 
■felt  that  to  construct  the  universe  in  idea,  it  was  necessary 
to  have  some  notion  of  its  constituent  parts — of  what 
Xucretins  subsequently  called  tlie  '  First  Beginnings.* 
J^bstracting  again  from  experience,  tlie  leaders  of  scientific 
speculation   reached  at  length  the  pregnant  doctrine  of 
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I  aad  mnhralei,  the  latest  devdopments  of  which  wc 
t  art  fmtk  with  sadk  pofver  and  deamess  at  the  liist  meet 
t«f  tfai  Brilidi  AawBJatkn.  Thooght,  do  doubt,  had  loog 
,  tUa  doctiiiie  before  it  attained  the  preci- 
vhich  it  ai^umed  in  the  mind  of 
who  maj  well  for  a  momeot 
*  Few  great  men,'  says  Lange,  a 
,  in  baa  excellent  *■  History  of  Materialism,' 
to  the  ^nt  and  to  the  fetter  of  which  I  am  ei)uaUy  in- 
dthtedf  *hKn  beea  ao  da^tefoUj  tiaed  by  Iiistory  as 
Deaocntna.  in  the  diatoited  images  sent  down  to  ui 
tltttMagh  nnsciaitifie  traditiatts,  there  remains  of  him  al> 
watt  nothing  but  the  nante  of  *^  the  laughing  philosopher," 
vhile  figurea  of  imiiwaimiaMy  smaller  significance  spread 
themselTea  out  at  fall  leiQ;th  hefiire  as.'  Lange  speaks  of 
BmobV  lagti  appreciation  of  Democritns — for  ample  illus- 
tiatkns  of  which  I  am  indebted  to  my  excellent  fnend 
3[r.  Spedding,  the  learned  editor  and  biographer  of  Bacon. 
It  is  evident,  indeed,  that  Baoon  considered  Democritus 
to  be  a  man  of  weightier  metal  than  either  Plato  or 
Aristotle,  though  their  philosophy  *  wag  noised  and  cele- 
biated  in  the  aehools,  amid  the  din  and  pomp  of  pro- 
fcssors.*  It  was  not  they,  but  Genseric  and  Attib  and  thn 
barbarians,  who  destrojed  the  atomic  philosophy.  '  For,  at 
a  time  when  all  human  learning  had  suffered  shipwreck^ 
these  planks  of  Aristotelian  and  Platonic  philosophy,  ^H 
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beii^  of  a  lighter  and  more  inflated  substance,  were 
aerved  and  came  down  to  us,  while  things  more  8(^id^k^ 
and  almost  passed  into  oblirion.' 

The  son  of  a  wealthy  father,  Democritus  devot 
whole  of  his  inherited  fortime  to  the  culture  of  his 
He   travelled  eveiywhere;  visited  Athens  when 

Plato   were  there,   but  quitted    the    city  without 
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alting  liimself  known.  Indeed,  the  dialectic  strife  in 
^ — ^?bich  Socrates  so  much  delighted,  had  no  charm  for 
•  _JJeinocritu8,  who  held  that '  the  man  who  readily  contra- 
il ^iicts,  and  uses  many  words,  is  unfit  tn  learn  anything 
I  "truly  right.'  He  is  said  to  have  discovered  and  educated 
3*rotagoras  the  Sophist,  being  struck  as  much  by  the 
■ananner  in  which  he,  being  a  hewer  of  wood,  tied  np  his 
fSag'gots,  as  by  the  sagacity  of  his  conversation.  Demo- 
oritus  returned  poor  from  his  travels,  was  supported  by 
bis  brother,  and  at  length  wrote  his -great  work  entitled 
'  Diakosmos,'  which  he  road  publicly  before  the  people  of 
his  native  town.  He  was  honoured  by  liis  countrymen  in 
various  ways,  and  died  serenely  at  a  great  age. 

The  principles  enunciated  by  Democritus  reveal  his 
uncompromising  antagonism  to  those  who  deduced  the 
phenomena  of  nature  from  the  caprices  of  the  gods. 
They  arc  hriefly  these :  1.  From  nothing  comes  nothing. 
Nothing  that  exists  can  Vie  destroyed.  All  changes  are 
<iue  to  the  combination  and  separation  of  molecules.  2. 
Nothing  happens  by  chance :  every  occurrence  has  its 
cause,  from  which  it  follows  by  necessity.  3.  The  only 
existing  things  are  the  atoms  and  empty  space ;  all  else  is 
mere  opinion.  4.  The  atoms  are  infinite  in  number,  and 
infinitely  various  in  form  :  they  strike  together,  and  the 
lateral  motions  and  whirlings  which  thus  arise  are  the 
beginnings  of  worlds.  5.  The  varieties  of  all  things  de- 
pend upon  the  varieties  of  their  atoms,  in  number,  size, 
and  aggregation.  6.  The  soul  consists  of  fine,  smooth, 
round  atoms,  like  those  of  fire.  These  are  the  most 
mobile  of  all :  they  interpenetrate  the  whole  body,  and 
in  their  motions  the  phenomena  of  life  arise. 

The  first  five  propositions  are  a  fair  general  statement 
of  the  atomic  philosophy,  as  now  held.  As  regards  the 
sixth,  Democritus  made  his  finer  atoms  do  duty  for  the 
nervous  system,   whose   functions   were    then   unknown. 
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The  atoms  of  Dcmocritxis  are  individually  without  sens 
tion ;  they  combine  in  obedience  to  mechanical  laws ; 
not  only  organic  forms,  but  the  phenomena  of  8en;$ati(i 
and  thought,  are  the  result  of  their  combination. 

That  great  enigma,  '  the  exquisite  adaptation  of  on 
part  of  an  organism  to  another  part,  and  to  the  condition 
of  life,'  more  especially  the  construction  of  the  hu 
body,  Democritus  made  no  attempt  to  solve.  Empedocle 
a  man  of  more  fiery  and  poetic  nature,  introduced  th 
notion  of  love  and  hate  among  the  atoms,  to  account 
their  combination  and  separation.  Noticing  this  gap  in" 
the  doctrine  of  Democritus,  he  struck  in  with  the  pene- 
trating thought,  linked,  however,  with  some  wild  specn-  | 
lation,  that  it  lay  in  the  very  nature  of  those  combinationj 
which  were  suited  to  their  ends  (in  other  words,  in  har- 
'  mony  with  their  environment)  to  maintain  themselves, 
while  unfit  combinations,  ha\-ing  no  proper  habitat,  must 
rapidly  disappear.  Thus,  more  than  2,000  years  ago,  tlie 
doctrine  ot  the  '  survival  of  the  fittest,'  which  in  our  dav, 
not  on  the  basis  of  ^-ague  conjecture,  but  of  positive 
knowledge,  has  been  raised  to  such  extraordinary  signi- 
ficance, had  received  at  all  events  partial  enunciation.' 

Epicurus,*  said  to  be  the  son  of  a  poor  schoolmaster  at 
Samos,  is  the  next  dominant  figure  in  the  history  of  the 
atomic  philosophy.  He  mastered  the  writings  of  Demo- 
critus, heard  lectures  in  Athens,  went  back  to  Samos,  and 
subsequently  wandered  through  various  countries, 
finally  returned  to  Athens,  where  he  bought  a  garden,  al 
BiuTounded  himself  by  pupils,  in  the  midst  of  whom 
lived  a  pure  and  serene  life,  and  died  a  peaceful  de 
Democritus  looked  to  the  soul  as  the  ennoblinjj  part 
man;  even  beauty,  without  imderstanding,  partook 
animalism.     Epicurus   also   rated   the   spirit   above 
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l)Ody ;  the  pleasure  of  the  body  being  that  of  the  moment, 
■while  the  spirit  could  draw  upon  the  future  and  the  past. 
His  philosophy  was  almost  ideutical  with  that  of  Demo- 
^Kus;  but  he  never  quoted  either  friend  or  foe.  One 
main  oliject  of  Epiciu'us  was  to  free  the  world  from  super- 
stition and  tlie  fear  of  death.  Death  he  treated  with 
indiflFerence.  It  merely  robs  us  of  sensation.  As  long  as 
■we  arc,  death  is  not ;  and  when  death  is,  wo  are  not. 
Life  has  nn  more  evil  for  him  who  has  made  up  his  mind 
that  it  is  no  evil  not  to  live.  He  adored  the  gods,  but 
■not  in  the  ordinary  fashion.  The  idea  of  Divine  power, 
properly  purified,  lie  tliought  an  elevating  one.  Still  he 
taught,  '  Not  he  is  godless  who  rejects  the  gods  of  the 

Pied,  but  rather  he  who  accepts  them.'  The  gods  were 
him  eternal  and  immortal  beings,  whose  blessedness 
excluded  every  thought  of  care  or  occupation  of  any  kind. 
Nature  pursues  her  coiurse  in  accordance  with  everlasting 
^k,  the  gods  never  interfering.     They  haunt 


Tho  lucid  interspace  of  world  and  world 
Wliero  never  creeps  a  cloud  or  moTes  a  wind, 
Nor  ever  falls  tho  loiint  whito  star  of  snow, 
Nor  evur  lowest  roll  of  thunder  monna. 
Nor  sound  of  human  sorrow  mounts  to  mar 
Their  sacred  everlasting  calm.' 


Lange  considers  the  relation  of  Epicurus  to  the  gods 
subjective  ;  the  indication,  probably,  of  an  ethical  require- 
ment of  his  o'wn  nature.  We  cannot  read  history  with 
open  eyes,  or  study  human  nature  to  its  depths,  and  fail 
to  discern  such  a  requirement.  IVtan  never  has  been,  and 
he  never  will  be,  satisfied  with  the  operations  and  products 
of  the  Understinding  alone;  hence  physical  science  cannot 
cover  all  the  demands  of  bis  nature.  But  the  history  of 
the   efforts   made   to   satisfy   these    demands    might  be 

idly  described   as  a  history  of  errors — the  error,  in 
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great  pait,  consisting  in  ascribing  fixity  to  that  which 
fluent,  which  varies  as  we  vary,  being  gross  when  we  are 
gross,  and  becoming,  as  our  capacities  widen,  more 
abstract  and  sublime.  On  one  gieat  point  the  mind  of 
Epicurus  was  at  peace.  He  neither  sought  nor  expected, 
here  or  hereafter,  any  personal  profit  from  his  relation 
to  the  gods.  And  it  is  assuredly  a  fact,  that  loftiness 
and  serenity  of  thought  may  be  promoted  by  conceptions 
which  involve  no  idea  of  profit  of  this  kind.  '  Did  I  not 
believe,'  said  a  great  man  '  to  me  once,  '  that  an  Intelli- 
gence is  at  the  heart  of  things,  my  life  on  earth  would  lie 
intolerable.'  The  utterer  of  these  words  is  not,  in  my 
opinion,  rendered  less  but  more  noble  by  the  fact,  that 
it  was  tlie  need  of  ethical  harmony  here,  and  not  the 
thought  of  personal  profit  hereafter,  that  prompted  hit 
observation. 

There  are  persons,  not  belonging  to  tlie  highi 
intellectual  zone,  nor  yet  to  the  lowest,  to  whom  perfect 
clearness  of  exposition  suggests  want  of  depth.  They 
find  comfort  and  edification  in  an  abstract  and  learned 
phraseology.  To  such  people  Epicurus,  who  spared  no 
pains  to  rid  his  style  of  every  trace  of  haze  and  tur- 
bidity, appeared,  on  this  very  account,  superficial.  He 
had,  however,  a  disciple  who  thought  it  no  unworthy 
occupation  to  spend  his  days  and  nights  in  the  effort  to 
reach  the  clearness  of  his  master,  and  to  whom  the  Greek 
philosopher  is  mainly  indebted  for  the  extension  and 
perpetuation  of  his  fame.  Some  two  centuries  after  the 
death  of  Epicurus,  Lucretius '  wrote  his  great  poem,  •  On 
the  Nature  of  Things,'  in  which  he,  a  lioman,  developed 
with  extraordinaiy  ardoiu-  the  philosophy  of  his  Greek 
predecessor.  He  wishes  to  win  over  his  friend  Memnius 
io  the  school  of  Epicurus  ;  and  although  he  has  no  rewards 
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,  futxire  life  to  offer,  altboiigli  his  object  appears  to  be 
irely  negative  one,  he  addresses  his  friend  with  the 
at   of  an   apostle.     His  object,  like  that  of  bis  great 
rnnner,  is  the  destruction  of  superstition ;  and  con- 
lering   that   men   in   his   day    trembled   before   every 
iral  event  as  a  direct  monition  from  the  gods,  and  that 
riasting  torture   was   also   in   prospect,  the   freedom 
r  aimed  at  by  Lucretius  might  be  deemed  a  positive  good, 
*  This  terror,'  be  says,  '  and  darkness  of  mind,  must  be 
dispelled,  not  by  the  rays  of  the  sun  and  glittering  shafts 
I  of  day,  but  by  the  aspect  and  the  law  of  nature.'     He  re- 
'  fiites  the  notion  that  anything  can  come  out  of  nothing, 
:  or  that  what  is  once  begotten  can  be  recalled  to  nothing. 
The  first  beginnings,  the  atoms,  are  indestructible,  and 
I  into  them  all  things  can  bo  resolved  at  last.     Bodies  are 
partly  atoms  and  partly  combinations  of  atoms ;  but  tho 
atoms   notliing   can   quench.     They  arc   strong  in  solid 
singleness,  and,  by  their  denser  combination,  all  things 
can    be   closely  packed   and  exhibit  enduring   strength. 
He  denies  that  matter  is  infinitely  divisible.     We  come 
at  length  to  the  atoms,  without  which,  as  an  imperishable 
substratum,  all  order  in  the  generation  and  development 
of  things  would  be  destroyed. 

The  mechanical  shock  of  the  atoms  being,  in  his  view, 
the  all-sufficient  cause  of  things,  be  comliats  the  notion 
that  the  constitution  of  nature  has  been  in  any  way  de- 
termined by  intelligent  design.     The   interaction   of  the 
atoms  throughout  infinite  time  rendered  all  manner  of 
combinations  possible.     Of  these,  the  fit  ones  persisted, 
^while  the  unfit  ones  tlisappeared.     Not  after  sage  delibera- 
^■bn  did    the   atoms   station    themselves  in  their  right- 
places,  nor  did  they  bargain  what  motions  they  should 
^Assume.    From  all  eternity  they  have  been  driven  together, 
^pid,  after  trying  motions  and  unions  of  every  kind,  they 
fell  at  length  into   the   arrangements  out  of  which  this 
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pyetora  of  things  has  been  evolved.  *  If  you  will  appre- 
hend and  keep  in  mintl  these  things.  Nature,  free  at  ono 
and  rid  of  her  haughty  lords,  is  seen  to  do  all  tbiup 
spontaneously  of  herself,  without  the  meddling  of 
^ods." ' 

To  meet  the  objection  that  his  atoms  cannot  be  seei 
Lucretius  describes  a  \dolent  storm,  and  shows  that  t 
invisible  particles  of  air  act  in  the  same  way  as  the  visil 
particles  of  water.  We  perceive,  moreover,  the  differei 
smells  of  things,  yet  never  see  them  coming  to  our  tt 
Again,  clotlies  hung  up  on  a  shore,  which  waves 
iipon,  become  moist,  and  then  get  dry  if  spread  out  in  the 
sun,  though  no  eye  can  see  either  the  approach  or  the 
•escape  of  the  water-particles.  A  ring,  worn  long  on  the 
finger,  becomes  thinner ;  a  water-drop  hollows  out  a 
stone ;  the  ploughshare  is  rubbed  away  in  the  field  ; 
street-pavement  is  worn  by  the  feet ;  but  the  partis 
that  disappear  at  any  moment  we  cannot  see.  Nature 
acts  through  invisible  particles.  Tliat  Lucretius  had  b 
strong  scientific  imagination  the  foregoing  references 
prove.  A  fine  illustration  of  his  power,  in  this  respect,  is 
his  explanation  of  the  apparent  rest  of  bodies  whose  atom;! 
are  in  motion.  He  employs  the  image  of  a  flock  of  sheep 
with  skipping  lambs,  which,  seen  from  a  distance,  pre- 
sents simply  a  white  patcli  upon  the  green  hill,  the  jump- 
ing of  the  individual  lambs  Ijeing  quite  invisible. 

His  vaguely  grand  conception  of  the  atoms  fallii 
•eternally  through  space,  suggested  the  nebular  liypothesis 
to  Kant,  its  first  propounder.  Far  beyond  the  limits  of 
our  visible  world  are  to  bo  found  atoms  innumerable, 
which   have  never  been  united  to  form  bodies,  or  which, 
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if  once  united,  have  been  again  dispersed — falling  silently 
through  immeasurable  intervals  of  time  and  space.  As 
everywhere  througliout  the  All  the  same  conditions  are 
repeated,  so  must  the  phenomena  be  repeated  also.  Above 
us,  below  us,  beside  us,  therefore,  are  worlds  without  end ; 
and  this,  when  considered,  must  dissipate  every  thought 
of  a  deflection  of  the  universe  by  the  gods.  Tlie  worlds 
come  and  go,  attracting  new  atoms  out  of  limitless  space, 
or  dispersing  their  own  particles.  The  reputed  death  of 
Lucretius,  which  forms  the  basis  of  Mr.  Tennyson's  noble 
poem,  is  in  strict  accordance  with  his  philosophy,  which 
was  severe  and  pure. 

Still  earlier  than  these  three  philosophers,  and  during 
the  centuries  between  the  first  of  them  and  the  last,  the 
human  intellect  was  active  in  other  fields  than  theirs. 
Pythagoras  had  founded  a  school  of  mathematics,  and 
made  his  experiments  on  the  harmonic  intervals.  The 
Sophists  had  run  through  their  career.  At  Athens  had 
appeared  Socrates,  Plato,  and  Aristotle,  who  ruined  the 
Sophists,  and  whose  yoke  remains  to  some  extent  imbroken 
to  the  present  hour.  Within  this  period  also  the  School 
of  Alexandria  was  fouudwl,  Euclid  wrote  his  'Elements' 
and  made  some  advance  in  optics.  Archimedes  liad  pro- 
pounded the  theory  of  the  lever,  and  the  principles  of 
hydrostatics.  Astronomy  was  immensely  enriched  by  the 
discoveries  of  Hipparchus,  who  was  followed  by  the  his- 
torically more  celebrated  Ptolemy.  Anatomy  had  been 
made  the  basis  of  scientific  medicine ;  and  it  is  said  by 
Draper '  that  vi\-isection  had  begun.  In  fact,  the  science 
of  ancient  Greece  had  already  cleared  the  world  of  the 
fantastic  images  of  divinities  operating  capriciously 
tJirough  natural  phenomena.  It  had  shaken  itself  free 
bat  fruitless  scrutiny  '  by  the  internal  light  of  the 

Ilistory  of  the  Intellectual  Dorolopmeut  of  Europe,'  p.  205. 
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mind  alone,'  which  had  vainly  sought  to  transcend  ex- 
perience, and  to  reach  a  knowledge  of  ultimate  ca' 
Instead  of  accidental  observation,  it  had  introdiice<l  o 
vution  with  a  purpose;  instruments  were  employed  to  aJ 
the  senses ;  and  scientific  method  was  rendered  in  a  great 
measure  complete  by  the  union  of  Induction  and  Experi- 
ment. 

What,  tlien,  stopped  its  \'ictorious  advance  ?  W 
was  the  scientific  intellect  compelled,  like  an  exha 
soil,  to  lie  fallow  for  nearly  two  millenniimis,  before  it  o 
regather  the  elements  necessary  to  its  fertility  ai 
strength?  Bacon  has  already  let  us  know  one  cause; 
Whewell  ascribes  this  stationary  period  to  four  causes- 
obscurity  of  thought,  servility,  intolerance  of  dispositioTi, 
enthusiiism  of  temper  ;  and  he  gives  sti-iking  examples  of 
each.'  But  these  characteristics  must  have  had  their 
antecedents  in  the  circumstances  of  the  time.  Rome, 
and  the  other  cities  of  the  Empire,  had  fallen  into  moral 
putrefaction.  Christianity  had  appeared,  offering  the  gospl 
to  the  poor,  and,  by  moderation,  if  not  asceticism  of  life, 
practically  protesting  against  the  profligacy  of  the  agi-. 
The  sufferings  of  the  early  Christians,  and  the  extraordinary 
exaltation  of  mind  which  enabled  them  to  triumph  orer 
the  diabolical  tortures  to  which  they  were  subjected,* 
must  have  left  traces  not  easily  effaced.  They  sco: 
the  earth,  in  view  of  that  '  bmlding  of  God,  that  hoi 
not  made  with  hands,  eternal  in  the  heavens.' 
Scriptures  which  ministered  to  their  spiritual  needs  wfl 
also  the  measure  of  their  Science.  \\Tjen,  for  examp 
the  celebrated  question  of  Antipodes  came  to  be  discu 
the  Bible  was  with  many  the  ultimate  court  of  apf 
Augustine,  who  flourished  a.d.  400,  would  not  deny 
rotundity  of  the  earth ;  but  he  woiUd  deny  the  possil 

•  '  History  of  tlio  Iniluclivo  Sciences,'  vol.  i. 
Depicted  with  turribla  vividness  in  Rpoan'B  '  Antichrist.' 
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existence  of  inbabitanta  at  the  other  side,  'because  no 
ach  race  is  recorded  in  Scripture  among  the  descendants 
Adam.'  Arclibisbop  Boniface  was  shocked  at  the  as- 
iption  of  a  '  world  of  human  beings  out  of  the  reach  of 
le  means  of  salvation.'  Thus  reined  in,  Science  was 
not  likely  to  make  much  progress.  Later  on,  the  political 
and  theological  strife  between  the  Church  and  civil 
governments,  so  powerfully  depicted  by  Draper,  must 
have  done  much  to  stifle  investigation. 

M'liewell  makes  many  wise  and  brave  remarks  re- 
garding the  spirit  of  the  Middle  Ages.  It  was  a  menial 
spirit.  The  seekers  after  natural  knowledge  had  forsaken 
that  fountain  of  livinjjj  waters,  the  direct  appeal  to  nature 
by  observation  and  experiment,  and  given  themselves 
up  to  the  remanipulation  of  the  notions  of  their  predeces- 
sors. It  was  a  time  when  thought  had  become  abject,  and 
when  the  acceptance  of  mere  authority  led,  as  it  always 
does  in  science,  to  intellectual  death.  Natural  events, 
instead  of  being  traced  to  physical,  were  referred  to 
moral,  causes ;  while  '  an  exercise '  of  the  phantasy,  almost 
as  degrading  as  the  spiritualism  of  the  present  day,  took 
the  place  of  scientific  speculation.  Then  came  the  mysti- 
cism of  the  Middle  Ages,  Magic,  Alchemy,  the  Neo- 
platonic  philosophy,  with  its  visionary  tliough  sublime 
abstractions,  which  caused  men  to  look  with  shame  upon 
their  own  bodies,  as  liindranccs  to  the  absorption  of  the 
creature  in  the  blessedness  of  the  Creator.  Finally  came 
the  Scholivstic  philosophy,  a  fusion,  according  to  Lange, 
of  the  least  mature  notions  of  Aristotle  with  the  Christi- 
anity of  the  west.  Intellectual  immobility  was  the  result. 
As  a  traveller  without  a  compass  in  a  fog  may  wander 
long,  imagining  he  is  making  way,  and  find  himsell'  after 
hours  of  toil  at  his  starting-point,  so  the  schoolmen, 
5/  tied  and  untied  the  same  knots,  and  formed  aud.^ 
iiS 
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dipsipated  the  same  clouds,'  found  themselvei*  at  the  end 
of  centuries  in  their  old  position. 

With  regard  to  the  influence  wielded  by  Aristotle  ia 
the  Middle  Ages,  and  which,  to  a  less  extend,  he  still 
wields,  I  would  ask  permission  to  make  one  remark. 
When  the  human  mind  has  achieved  greatness  and  gitwi 
evidence  of  extraordinary  power  in  one  domain,  there  isi 
tendency  to  credit  it  with  similar  power  iu  all  other 
domains.  Thus  theologians  have  found  comfort  and  ••■ 
Burance  in  the  thought  that  Newton  dealt  with  the  qufiJ- 
tion  of  revelation — forgetful  of  the  fact,  that  the  raj 
devotion  of  his  powers,  through  all  the  Ijest  years  of  bis 
life,  to  a  totally  different  class  of  ideas,  not  to  speak  of 
any  natural  disqualification,  tended  to  render  him  Uat, 
instead  of  more,  competent  to  deal  with  theological  and 
historic  questions.  Goethe,  starting  from  his  established 
greatness  as  a  poet,  and  indeed  from  his  ])ositiTe  di^ 
coveries  in  Natural  History,  produced  a  profound  impre>* 
sion  among  the  painters  of  Germany,  when  he  published 
his  '  Farbenlehre,'  in  which  he  endejivoured  to  overthrow 
Newton's  theory  of  colours.  This  theory  he  deemed  a> 
obviously  absurd,  that  he  considered  its  author  a  charlatan, 
and  attacked  him  with  a  corresponding  vehomenoe  of 
language.  In  the  domain  of  natural  history  Goethe  had 
made  really  considerable  discoveries ;  and  we  have  high 
authority  for  assuming  that,  had  he  devoted  himself 
wholly  to  that  side  of  science,  he  might  have  reached,  in 
it,  an  eminence  comparable  with  that  he  attained  a$  a 
poet.  In  sharpness  of  observation,  in  the  detection  of 
analogies  apparently  remote,  in  the  classification  and 
organisation  of  facts  according  to  the  analogies  difcemed, 
Goethe  possessed  extraordinary  powers.  These  elements 
of  scientific  enquiry  fall  in  with  the  disciplines  of  the 
poet.  But,  on  the  other  hand,  a  mind  thus  richly  en- 
dowed in  the  direction  of  natural  history,  may  be  almost 
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iom  of  endowment  as  regards  tlie  more  strictly  called 
lysiciil  and  mechanical  sciences.  Goetho  was  in  this 
ondition.  He  could  not  formulate  distinct  mechanical 
Dnceptions ;  he  could  not  see  the  force  of  mechanical 
aning ;  and,  in  regions  where  sucli  reasoning  reigns 
jpreme,  he  became  a  mere  ignis  fatuus  to  those  who 
followed  him. 

I  have  sometimes  permitted  myself  to  compare 
istotle  with  Goethe — to  credit  the  Stagirite  with  au 
lost  superhuman  power  of  amassing  and  systematising 
facts,  but  to  consider  him  fatally  defective  on  that  side  of 
the  mind,  in  respect  to  which  incompleteness  has  been  just 
ascribed  to  Goethe.  Whewcli  refers  the  errors  of  Aristotle 
not  to  a  neglect  of  facts,  but  to  '  a  neglect  of  tlie  idea 
appropriate  to  the  facts ;  the  idea  of  ^lechanical  cause, 
which  is  Force,  aud  the  substitution  of  viigue  or  inap- 
plicable notions,  involving  only  relations  of  space  or 
emotions  of  wonder.'  This  is  doubtless  true;  but  the 
word  '  neglect '  implies  mere  intellectual  misdirection, 
whereas  in  Aristotle,  as  in  Goethe,  it  was  not,  I  believe, 
misdirection,  but  sheer  natural  incapacity  which  lay  at 
the  root  of  his  mistakes.  As  a  physicist,  Aristotle  dis- 
played what  we  should  consider  some  of  the  worst  at- 
tributes of  a  modern  physical  investigator — indistinctness 
of  ideas,  confusion  of  mind,  and  a  confident  use  of 
language  which  led  to  the  delusive  notion  that  be  had 
really  mastered  his  subject,  while  he  had,  as  yet,  failed  to 
grasp  even  the  elements  of  it.  He  put  words  in  the 
place  of  things,  subject  in  the  place  of  object.  He  preached 
Induction  without  practising  it,  inverting  the  true  order 
of  enquiry,  by  passing  from  the  general  to  the  particular, 
instead  of  from  the  particular  to  the  general.  He  made 
of  the  universe  a  closed  sphere,  in  the  centre  of  which  he 
fixed  the  earth,  proving  from  general  principles,  to  his 
own  satisfaction  and  to  that  of  the  world  for  near  2,000 
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qninaMDta  tbaa  Ivxagination ;  and,  taken  with  its:  proper 
ttmitatlona,  the  word  answers  very  welL  But,  as  just  in- 
timated, it  in  tainted  bjr  ita  aasooiations,  and  therefore 
ol)jfctionabl«  to  mme  minds.  Compare,  with  reference 
•  to  this  capacity  of  mental  presentation,  the  case  of  th( 

stotoUan,  who  refers  the  accent  of  water  in  a  pump 
Nature'fl  abhorrence  of  a  vacuum,  with  that  of  Pi 
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►hen  he  proposed  to  solve  the  question  of  atmospheric 
ressure  by  the  ascent  of  tlie  Puy  de  Dome.  In  the  one 
the  terms  of  the  explanation  refuse  to  fall  into  place 
I  a  physical  image ;  in  the  other  the  image  is  distinct,  the 
Bscent  and  rise  of  the  barometer  being  clearly  tigured  as 
lie  balancing  of  two  ^'arying  and  opposing  pressures. 

During  the  drought  of  the  Middle  Ages  in  Christen- 
iom,  the  Ambian  intellect,  as  forcibly  shown  by  Draper, 
active.  With  the  intrusion  of  the  Moors  into  Spain, 
ier,  learning,  and  refinement  took  the  place  of  their 
"opposites.  When  smitten  with  disease,  the  Christian 
peasant  resorted  to  a  shrine,  the  Moorish  one  to  an  in- 
structed physician.  The  Arabs  encouraged  translations 
from  the  Greek  philosophers,  but  not  from  the  Irreek 
poets.  They  turned  in  disgust  '  from  the  lewdness  of  our 
classical  mythology,  and  denounced  as  an  unpardonable 
blasphemy  all  connection  between  the  impure  Olympian 
Jove  and  the  Most  High  God.'  Draper  traces  still  farther 
than  ^^^lewcll  the  Arab  elements  in  our  scientific  terms, 
and  points  out  that  the  under  garment  of  Indies  rettuns 
to  this  hour  its  Arab  name.  He  gives  examples  of  what 
Arabian  men  of  science  accomplished,  dwelling  particu- 
lai'ly  on  Alhazen,  who  was  the  first  to  correct  the  Platonic 
notion  that  rays  of  light  are  emitted  by  the  eye.  Alhazen 
discovered  atmospheric  refraction,  and  showed  that  we  see 
the  sun  and  the  moon  after  they  have  set.  He  explained 
the  cnlarji;emeut  of  the  sun  and  moon,  and  the  shortening 
of  the  vertical  diameters  of  both  these  bodies  when  near 
the  horizon.  He  was  aware  that  the  atmosphere  decreases 
in  density  with  increase  of  elevation,  and  actually  fixed 
its  height  at  58^  miles.  In  the  '  Book  of  the  Bahince 
"Wisdom,"  he  sets  forth  the  connection  between  tlie  weight 
of  the  atmosphere  and  its  increasing  density.  He  shows 
tiiat  a  body  will  weigh  diflferently  in  a  rare  and  dense 
atmosphere,  and  he  considers  the  force  with  which  plunged 
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bodies  rise  through  heavier  media.  He  understood 
doctrine  of  the  centre  of  gravity,  and  applied  it  to 
investigation  of  bahinces  and  steelyards.  He 
gravity  as  a  force,  though  lie  fell  into  the  error 
making  it  diminish  simply  as  the  distance,  aod 
making  it  purely  terrestrial.  He  knew  the  relatko 
between  the  velocities,  spaces,  and  times  of  falling  bodiei, 
and  had  distinct  ideas  of  capillary  attraction.  He  improved 
the  hydrometer.  The  determinations  of  the  densitiflE  of 
bodies,  as  given  by  Alhazen,  approach  very  closely  to  om 
own.  '  I  join,'  says  Draper,  in  the  pious  prayer  of  Albami, 
•  that  in  the  day  of  judgment  the  All-Merciful  will  take 
pity  on  the  soul  of  Abiu--Raihiln,  because  he  was  the  fint 
of  the  race  of  men  to  construct  a  table  of  specific  grai 
ties.'  If  all  this  be  historic  truth  (and  I  have  enti 
confidence  in  Dr.  Draper),  well  may  he  'deplore  the 
systematic  manner  in  which  the  literature  of  Europe  ha» 
contrived  to  put  out  of  sight  our  scientific  obligations 
the  JSIahotnmedans.' ' 

The  strain  upon  the  mind  during  the  stationary  peril 
towards  ultra-terrestrial  things,  to  the  neglect  of  problemi 
close  at  hand,  was  sure  to  provoke  reaction.  But  the  n>- 
action  was  gradual ;  for  the  ground  was  dangerous,  and  a 
power  at  hand  competent  to  crush  the  critic  who  went 
far.  To  elude  this  power,  and  still  allow  opportunity 
the  expression  of  opinion,  the  doctrine  of  '  twofold  txul 
was  invented,  according  to  which  an  opinion  might  beheli 
'  theologically,'  and  the  opposite  opinion '  philosophically.'* 
Thus,  in  the  thirteenth  century,  the  creation  of  the  world 
in  six  da}'^,  and  the  unchangeableness  of  the  individual 
sold,  which  bad  been  so  distinctly  affirmed  by  St.  Thomas 
Aquinas,  were  both  denied  philosophically,  but  admitted 
to  be  true  as  articles  of  the  Catholic  faith.     When  Protar 
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I  uttered  the  maxim  which  brought  upon  him  so  much, 
vituperation,  that  'opposite  assertions  are  equally  true.' 
^  he  simply  meant  to  affirm  men's  differences  to  Ije  so 
)f  great,  that  what  was  subjectively  true  to  the  one  might 
f  be  suljjectively  untrue  to  the  other.  The  great  Sophist 
^  never  meant  to  play  fast  and  loose  with  the  truth  by  saying 
I  that  one  of  two  opposite  assertions,  made  by  tlie  same 
w  individual,  could  possibly  escape  being  a  lie.  It  was  not 
p  'sophistry,'  but  the  dread  of  theologic  vengeance,  that 
generated  this  double  dealing  with  conviction ;  and  it  is 
astonishing  to  notice  what  lengths  were  possible  to  men 
who  were  adroit  in  the  use  of  artifices  of  this  kind. 

Towards  the  close  of  the  stationary  period  a  word-weari- 
ness, if  I  may  so  express  it,  took  more  and  more  possession  of 
men's  minds.  Christendom  had  become  sick  of  the  School 
Philosophy  and  its  verbal  wastes,  which  led  to  no  issue,  but 
left  the  intellect  in  everlasting  haze.  Here  and  there  was 
heard  the  voice  of  one  impatiently  crying  in  the  wilderness, 
*Not  unto  Arifitotle,  not  unto  subtle  hypothesis,  not  unto 
church,  Bible,  or  blind  tradition,  must  we  turn  for  a  know- 
ledge of  the  universe,  but  to  the  direct  investigation  of 
nature  by  observation  and  experiment.'  In  1543  the  epoch- 
making  work  of  Copernicus  ou  the  paths  of  the  heavenly 
bodies  appeared.  The  total  crash  of  Aristotle's  closed  uni- 
verse, with  the  earth  at  its  centre,  followed  as  a  conse- 
quence; and  'the  earth  moves'  became  a  kind  of  watchword 
among  intellectual  freemen.  Copernicus  was  Canon  of  the 
church  of  Frauenburg  in  the  diocese  of  Ermeland,  For 
three-and-thirty  years  he  had  witlidia^vn  himself  from  the 
world,  and  devoted  himself  to  the  consolidation  of  his  great 
scheme  of  the  solar  system.  He  made  its  blocks  eternal ; 
and  even  to  those  who  feared  it,  and  desired  its  overthrow, 
it  was  so  obviously  strong,  that  they  refrained  for  a  time 
from  meddling  with  it.  In  the  last  year  of  the  life  of 
Copernicus  his  book  appeared :  it  is  said  that  the  old  man 
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ified  the  ultramontane  power.      He  traced   out   fi-om 
re-existiug   observations  the  lawH  of   planetary  motion, 
iterials  were  thus  prepared  for  Ne\vton,  who  bound  those 
ipirical  laws  together  by  the  principle  of  gravitation. 

In  the  seventeenth  century  Bacon  and  Descartes,  the 

Btorers  of  philosophy,  appeared  in  succession.   Differently 

lucated  and  endowed,  their  philosophic  tendencies  were 

tfierent.     Bacon  held  fast  to  Induction,  believing  firmly  in 

lie  existence  of  an  external  world,  and  making  collected 

sriences  the  basis  of  all  knowledge.     The  mathematical 

idles  of  Desc;irte3  gave  him  a  bias  towards  Deduction; 

his  fimdamental  principle  was  mucli  the  same  as  that 

Protagoras,  who  made  the  individual  man  the  measure 

all  things.     'I  think,  therefore  I  am,'  said  Der-cartes. 

ily  his  own  identity  was  sure  to  him ;  and  the  full  deve- 

pment  of  this  system  would  have  led  to  an  idealism,  in 

the  outer  world  would  be  resolved  into  a  mere  phe- 

omenon  of  consciousness.     Gassendi,  one  of  Descartes's 

ontemporaries,  of  whom  we  shall  hear  more  presently, 

}uickly  pointed  out  that  the  fact  of  personal  existence 

rould  be  proved  as  well  by  reference  to  any  other  act,  as 

the  act  of  thiuking.     I  cat,  therefore  I  am  ;  or  I  love, 

Ijerefore  I  am,  would  be  quite  as  conclusive.     Lichten- 

erg,  indeed,  showed  that  the  very  thing  to  be  proved  was 

ifitably  postidatcd  on  the  first  two  words,  '  I  think ;'  and 

is  plain   that  no  inference  from  the  postulate  coidd, 

"by  any  possibility,  be  stronger  than  the  postulate  itself. 

But   Descartes  deviated   strangely  from  tlie  idealism 

implied  in  his  fundamental  principle.     He  was  the  first 

reduce,  in  a  manner  eminently  capable  of  bearing  the 

S5t  of  mental  presentation,  vital  phenomena  to  purely 

Jechanical  principles.     Through  fear  or   love,  Descartes 

a  goal  churchman;  he  accordingly  rejected  the  notion 

'of  an  atom,  because  it  was  absm-d  to  suppose  that  God, 

'  He  so  pleased,  could  not  divide  an  atom ;  he  ^uts  ia  tAva 
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During  the  Middle  Ages  the  doctrine  of  atoms  had  to 
all  appearance  vanished  from  discussion.    In  all  probability 
iit  held  its  gi'ound   among  sober-minded  and  thoughtful 
l^bn,  though  neither  the  church  nor  the  world  was  pre- 
wired to  hear  of  it  with  tolerance.    Once,  in  the  year  1 348, 
^^eceived  distinct  expression.     But  retractation  by  com- 
^Bbion  immediately  followed ;  and,  thus  discouraged,  it 
'  Numbered  till  the  seventeenth  century,  when  it  was  re- 
jed  by  a  contemporary,  and  friend,  of  Hobbes  of  Malmes- 
j,  the  orthodox  Catholic  provost  of  Digne,  Gassendi. 
But,  before  stating  his  relation  to  the  Epicurean  doctrine, 
it  will  bo  well  to  say  a  few  words  on  the  effect,  as  regards 
science,  of  the  general  introduction  of  monotheism  among 
I  European  nations. 

'  Were  men,'  says  Hume, '  led  into  the  apprehension  of 
ymrisible  intelligent  power  by  contemplation  of  the  works 
^HKatore,  they  could  never  possibly  entertain  any  con- 
f  ception  but  of  one  single  Being,  who  bestowed  existence 
^od  order  on  this  vast  machine,  and  adjusted  all  its  jmrts 
^^one  regidar  system.'  Referring  to  tiio  condition  of  the 
f  heathen,  who  sees  a  god  behind  every  natural  event,  thus 
peopling  the  world  with  thousands  of  beings  whose  ca- 

«'ces  are  inciilculable,  Lange  shows  the  impossibility 
any  compromise  between  such  notions  and  those  of 
^^.ence,  which  proceeds  ontho  assumption  of  never-changing 
law  and  causality.  'But,'  he  continues,  with  characteristic 
penetration, '  when  the  great  thought  of  one  God,  acting 
as  a  unit  upon  the  universe,  has  been  seized,  the  connection 
of  things  in  accordance  with  the  law  of  cause  and  effect 
is  not  only  thinkable,  but  it  is  a  necessary  consequence  of 
the  assumption.  For  when  I  see  ten  thousand  wheels  in 
motion,  and  know,  or  believe,  that  they  are  all  driven  by 
one  motive  power,  then  I  know  that  I  have  before  me  a 
mechanism,  the  action  of  every  part  of  which  is  determined 
rthe  plan  of  the  whole.  So  much  being  assumed,  it  fQllci«& 
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and  Sir  William  Thomson  have  sought  to  determine  the 
sizes  of  the  atoms,  or  rather  to  fix  the  limits  between 
which  their  sizes  lie ;  while  only  last  year  the  discourses 
of  Williamson  and  Maxwell  illustrate  the  present  hold  of 
the  doctrine  upon  the  foremost  scientific  minds.  In  fact, 
it  may  be  doubted  whether,  wanting  this  fundamenUil  con- 
ception, a  theory  of  the  material  universe  is  capable  of 
Hbntific  statement. 

^^  Ninety  years  subsequent  to  (Jassendi  the  doctrine  of 
bodily  instruments,  as  it  may  te  called,  assumed  immense 
importance  in  the  hands  of  Bishop  Butler,  who,  in  bis 
famous  '  Analogy  of  Religion,'  developed,  from  his  own 
point  of  view,  and  witli  consummate  sagacity,  a  similar 
idea.  The  Bishop  still  influences  superior  minds ;  and  it 
will  repay  us  to  dwell  for  a  moment  on  his  views.  He 
draws    the  sharpest   distinction    between  our   real  selves 

e)ur  bodily  instruments.  He  does  not,  as  far  as  I  re- 
ber,  use  the  word  soul,  possibly  because  the  term  waa 
ckneyed  in  his  day,  as  it  had  been  for  many  genera- 
tions previously.  But  he  speaks  of  '  living  powers,' 
kceiving  or  percipient  powers,'  '  moving  agents,' 
iplves,'  in  the  same  sense  as  we  should  employ  the 
fBOul.  He  dwells  upon  the  fact  that  limbs  may  be 
removed  and  mortal  diseases  assail  the  body,  the  mind, 
almost  up  to  the  moment  of  death,  remaining  cleiir.  He 
refers  to  sleep  and  to  swoon,  where  the 'living  powers' 
are  suspended  but  not  destroyed.  He  considers  it  quite 
as  easy  to  conceive  of  existence  out  of  our  bodies  as  in 
them  ;  that  we  may  animate  a  succession  of  bodies,  the 
dissolution  of  all  of  them  having  no  more  tendency  to 
dissolve  our  real  selves,  or  '  deprive  us  of  living  faculties 
— the  faculties  of  perception  and  action — than  the  dis- 
solution of  any  foreign  matter  which  we  are  capable  of 
receiving  impressions  from,  or  making  use  of  for  the 
imon  occasions  of  life.'     This  is  the  key  of  tlie.  Rv^iVtfsv* 

K  K 


4t>8 


FRAGMENTS   OF   SCIEXCE. 


position :  '  oiir  organised  bodies  are  no  more  b  put 
ourselves  than  any  other  matter  around  us.'     In  pn»t 
tbis  he  calls  attention  to  the  use  of  glasses,  which  'picj 
objects'  for  the  'percipient  power'   exactly  as  the 
does.     The  eye  itself  is  no  more  percipient  than  the  g! 
is  quite  as  much  the  instrument  of  the  true  self,  and 
as  foreign  to  the  true  self,  as  the  glass  is.     'And 
see  with  our  eyes  only  in  the  same  manner  as  we  do ' 
glasses,  the  like  may  justly  be  concluded  from  auali 
all  our  senses.' 

Lucretius,  as  you  are  aware,  reached  a  prf- 
site  conchision:  and  it  certainly  would  be  interc? 
protitable,  to  us  all,  to  hear  what  he  would  or  could  urge 
in  opposition  to  the  reasoning  of  tlie  Bishop.  As  a  brief 
discussion  of  the  point  will  euable  us  to  see  the  bearing 
of  an  important  question,  I  will  here  permit  a  disciple  vi 
Lucretius  to  try  the  strength  of  the  Bishop's  position,  aod 
then  allow  the  Bishop  to  retaliate,  with  the  view^  of  rolliDjt 
back,  if  he  can,  the  difficulty  upon  Lucretius.  i 

The  argument  might  proceed  in  this  fashion : —       ^M 
'  Subjected  to  the  test  of  mental  presentation  ( To**- ' 
etcUung),  your  views,  most  honoured  prelate,  would  present 
to  many  minds  a  great,  if  not  an  insuperable,  difficultj. 
You  sfieak  of  "living  powers,"  "percipient  or  perceinag 
powers,"  and  "  ourselves ; "  but  can  you  form  a  m< 
picture  of  any  of  these,  apart  from  the  organism  throi 
which  it  is  supposed  to  act  ?     Test  yourRelf  honestly,  and 
see  whether  you  possess  any  facidty  that  would  enable  you 
to  form  such  a  conception.    The  true  self  has  a  loc.il  habit- 
ation in  each  of  us ;  thus  localised,  must  it  nut  poi 
form  ?     If  so,  what  form  ?     Have  you  ever  for  a  momcD 
realised  it  ?    \Vheu  a  leg  is  amputated  the  body  is  dividevi 
into  two  parts ;  is  the  true  self  in  both  of  them  or  in  one? 
Thomas  A([uinas  might  say  in  both  ;  but  not  you,  for  you 
appeal  to  the  consciousness  associated  with  one  of  the  t 
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parts,  to  prove  that  the  other  is  foreign  matter.     Is  con- 

iousness,  then,  a  necessary  element  of  the  true  self  ?     If 

I,  what  do  you  say  to  the  case  nf  the  wliole  body  being 

prived  of  consciousness  ?     If  not,  then  on  what  grounds 

,o  you  deny  any  portion  of  the  true  self  to  the  severed 

limb  ?     It  seems  veiy  singidar  that,  from  the  beginning 

to  the  end  of  your  admirable  book  (and  no  one  admires 

its  sober  strength  more  than  I  do),  you  never  once  mention 

the  brain  or  nervous  system.     You  begin  at  one  end  of 

the  body,  and  show  that  its  parts  may  be  removed  without 

prejudice  to  the  perceiving  power.     What  if  you  begin  at 

the  other  end,  and  remove,  instead  of  the  leg,  the  brain  ? 

The  body,  as  before,  is  divided  into  two  parts  j  but  both 

'e  now  in  the  same  predicament,  and  neither  can  be  ap- 

aled  to  to  prove  that  the  other  is  foreign   matter.     Or, 

instead  of  going  so  far  as  to  remove  the  brain  its^elf,  let  a 

rtain  portion  of  its  bony  covering  be  removed,  and  let  a 

hythmic   series  of  pressures  and  relaxations  of  pressiu^e 

applied  to  the  soft  substance.     At  every  pressure  "  the 

culties  of  perception  and  of  action  "  vanish  ;  at  every  re- 

ation  of  pressure  they  are  restored.     Where,  during  the 

tervals  of  pressure,  is  the  perceiving  power  ?     I  once 

ad  the  discharge  of  a  large  Leydeu   battery  passed  im- 

expectedly  through  me  :  I  felt  nothing,  but  was  simply 

blotted   out  of  conscious  existence  for  a  sensible   interval. 

Where  was  my  true  self  during  that  interval  ?     yinn  who 

have   recovered   from  lightning-stroke  have  been   much 

longer  in  the  same  state ;  and  indeed  in  cases  of  ordinary 

concussion  of  the  brain,  daj's  may  elapse  diu'ing  which  no 

experience  is  registered  in  consciousness,     ^^'here  is  the 

man  himself  during  the  period  of  insensibility  ?      You 

may  say  that  I   beg  the  question  when  I  assume  the  man 

to  have  been  unconscious,  that  he  was  really  conscious  all 

the  time,  and  has  simply  forgotten  what  had  occiured  to 

him.     In  reply  to  this,  I  can  only  say  that  no  one  need 
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with  tbe  «w)d;  our 
plajB  a  similar 
and  cxtenial  thiagi 
bis  lattefTf  dmu^ 
I  eertainlj  sever  hii 
asthesemnmi 
toadi  tbe  nu 
Muiim,  aws  m  bum 
Wbat  is  it,  I  ««ald  adc,  in  tbe  human 
to  tUt  eawaBOB  aanitral  of  the 
r  «r  tbe  Imia  ii  M  fiatorbed  IB  to 
it  is  dastoujeJ  altogether  ? 
,  vbicb  joa  aaj  eaonder  slight, 
■veb.  Tbe  boni  may  duuage 
tbraoKb  aooh  a  cbange  the 
1  anj  be  eoaverted  into  a  defaaoehee 
M T  Tcrj  ooUe  aad  a]i|KOTed  good  master 
_  I  of  lewdaeaB  iotrodooed  into 
bis  bnia  br  bis  jeaitmrn  mi£e'i  philter ;  and  sooner  tfaui 
'  to  nn  enrol  tbe  tiak  of  yielding  to  thoK 
I  he  akv  himsrff  Ho*  oould  the  baodof 
Lacrrtios  hare  been  thus  timed  against  himself  if  tbe 
real  LoeretioBieaaiaad  w  befece?  Cba  the  fasain  or  can 
it  not  act  ia  tha  diil— ipawd  vay  without  the  interventios 
of  the  immoital  reasoo  ?  If  it  eaa,  then  it  is  a  prime 
iBOver  wbicb  reqoires  only  healthy  regalatioa  to  randec  it 
I  naeonably  aelfactiiig,  and  there  is  no  af^iarant  need 
immortal  rearoa  at  aU.     If  it  caanot,  then  the 

,  by  its  wiisriiiefratti  aetiritr  in  operating  upon 
brokeB  {astraraent,  must  bare  tbe  credit  of  committiog 
•rery  iaugiBaUe  extravagaaoe  and  crime.     I  think,  if  Toa 


'4i 


THE   BELFAST   ADDRESS. 


601 


vill  allow  me  to  say  so,  that  the  gravest  consequencea  are 
Hkelj  to  flow  from  your  estimate  of  the  body.     To  regard 
B)e  braiu  as  you  would  a  staff  or  an  eyeglass — to  shut  your 
Hvesto  all  its  mystery,  to  the  perfect  correlation  of  itscoa- 
Hition  and  our  consciousness,  to  the  fact  that  a  slight  excess 
Hr  defect  of  blood  in  it  produces  the  very  swoon  to  which 
Vou  refer,  and  that  in  relation  to  it  oiu:  meat,  and  drink,  and 
■ir,and  exercise,  have  a  perfectly  transcendental  value  and 
■Igniticance — to  forget  all  this  does,  I  thiidc,  open  a  way 
Hd  innumerable  errors  in  our  habits  of  life,  and  may  possibly, 
Bl  some  cases,  initiate  and  foster  that  very  disease,  and  con- 
Kquent  mental  ruin,  which  a  wiser  appreciation  of  this 
Hbysterioiis  organ  would  have  avoided.' 
■     I  can  imagine  the  Bishop  thoughtful  after  hearing  this 
B^piment.     He  was  not  the  man  to  allow  anger  to  mingle 
Bnth  the  consideration  of  a  point  of  this  kind.     After  duo 
Bretieclion,  and  having  strengthened  himself  by  that  honest 
contemplation  of  the  facts  which  was  habitual  with  him, 
and  which  inchides  the  desire  to  give  even  advei"se  facts 
their  due  weight,  1  can  suppose  the  Bishop  to  proceed  thus  : 
'  You  will  remember  that  in  the  "  Analogy  of  lieligion,"  of 
which  you  have  so  kindly  spoken,  I  did  not  profess  to  prove 
an)'thing  absolutely,  and  that  I  over  and  over  again  ac- 
knowledged and  insisted  on  the  smidlnoss  of  our  knowledge, 
or  rather  the  depth  of  our  ignorance,  as  regards  the  whole 
system  of  the  miiverse.     My  object  was  to  show  my  deistical 
friends,  who  set  forth  so  eloquently  the  beauty  and  bene- 
ficence of  Nature  and  the  Kuler  thereof,  while  they  had 
nothing  but   scorn    for   tlie  so-called   absurdities  of  the 
Christian  scheme,  that  they  were  in  no  better  condition 
then  we  were,  and  that,  for  every  difficulty  found  upon  our 
side,  quite  as  great  a  difficulty  was  to  be  found  upon  theirs. 
I  will  now  with  your  permission  adopt  a  similar  line  of 
argiunent.     You  are  a  Lucretian,  and  from  the  comldna- 
tion  and  separation  of  insensate  atoms  deduce  all  terrestrial 
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things,  incliiding  organic  forms  and  their  pheoomeu. 
I^t  me  tell  you  in  the  first  instance  how  fer  I  am  prpporwl 
to  go  with  you.  I  admit  that  you  can  build  cry*talline 
forms  out  of  this  play  of  molecular  force ;  that  the  diamond, 
amethyst,  and  snow-star  are  tndy  wonderful  stnictnrM 
wliich  are  thus  produced.  I  will  go  farther  and  acknow- 
ledge that  even  a  tree  or  flower  might  in  this  way  be  or- 
ganised. Xay,  if  you  can  show  me  an  animal  without 
sensation,  I  will  concede  to  you  that  it  also  might  W  put 
together  by  the  8uital)le  play  of  molecular  force. 

'  Thus  far  oir  way  is  clear,  but  now  comes  my  diflBculty. 
Your  atoms  are  individually  without  sensation,  much  more 
are  they  without  intelligence.  May  I  ask  you,  then,  tfl 
try  your  hand  upon  this  problem.  Take  your  dead  hydro- 
gen atoms,  yoiu-  dead  oxygen  atoms,  your  dead  carbon 
atoms,  your  dead  nitrogen  atoms,  your  dead  phoc-phonij 
atoms,  and  all  the  other  atoms,  dead  as  grains  of  shot,  of 
which  the  brain  is  formed.  Imag^ine  them  sepanite  and 
sensationless  :  observe  them  running  together  and  forming 
all  imaginable  combinations.  This,  as  a  piurely  mechanical 
procesa,  is  geetthle  by  the  mind.  But  can  you  see,  or  dream, 
or  in  any  way  imagine,  how  out  of  that  mechanical  act,  and 
from  these  individually  dead  atoms,  sensation,  thought,  and 
emotion  are  to  rise  ?  Are  yon  likely  to  extract  Homer  out 
of  the  rattling  of  dice,  or  the  Differential  Calculus  out  of 
the  cbsh  of  billiard-balls?  I  am  not  all  l^ereft  of  this 
VornteUungs-Krnft  of  which  you  speak,  nor  am  I,  like  so 
many  of  my  brethren,  a  mere  vacuum  as  regards  scientific 
knowledge.  I  can  follow  a  particle  of  musk  until  it  reaches 
the  olfactory  nerve ;  I  can  follow  the  waves  of  sound  until 
their  tremors  reach  the  water  of  the  labyrinth,  and  set  the 
otoliths  and  Corti's  fibres  in  motion  ;  I  can  also  visualise 
the  waves  of  aether  as  they  cross  the  eye  and  bit  the  retina. 
Nay  more,  I  am  able  to  pursue  to  the  central  organ  the 
motion  thus  imn.-irted  at  the  periphery,  and  to  see  in  idea 
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ie  very  molecules  of  the  brain  thrown  into  tremors.     My 
isight  is  not  hiiffled  by  these  physiral  processes,     "VMiat 
iffles  and  bewihlers  me  ia  the  notion  that  from    those 
iysical  tremors  things  ao  utterly  incongruous  with  them 
sensation,  thought,  and  emotion  can  be  derived.     You 
ly  say,  or  think,  that  this  issue  of  consciousness  from 
ie  clash  of  atoms  is  not  more  incongnious  than  the  flash 
light  from  the  union  of  oxygen  and  hydrogen.     But  I 
eg  to  say  that  it  is.     For  sucli  incongruity  as  the  flash 
>sse8ses  is  that  which  I  now  force  upon  your  attention. 
le  "flash ''  is  an  affair  of  consciousness,  the  objective  coim- 
^rpart  of  which  is  a  vibration.     It  is  a  flash  only  by  your 
lterpret.it  ion.      You  are  tlie  cause  of  the  apparent  incon- 
iity  ;  and  you  are  the  thing  that  puzzles  me.     I  need 
»t  remind  you  that  tlie  great  Leibnitz  felt  the  rlitficulty 
Ifhich  I  feel ;  and  that  to  get  rid  of  this  monstrous  deduc- 
>n  of  life  from  deatli  he  displaced  your  atoms  by  his 
}nads,  which  were  more  or  less  perfect  mirrors  of  the 
liverse,  and  out  of  the  summation  and  integration  of 
lich  he  supposed  all  the  phenomena  of  life — sentient,  in- 
tellectual, and  emotional — to  arise. 

'  Yoiu"  difficulty,  tiien,  as  I  see  you  are  ready  to  admit, 
is  quite  as  great  as  mine.  You  cannot  satisfy  the  human 
understanding  in  its  demand  for  logical  continuity  between 
molecular  processes  and  the  phenomena  of  consciousness. 
This  is  a  rock  on  whicli  Materialism  must  inevitabl}'  split 
whenever  it  pretends  to  be  a  complete  philosophy  of  life. 
What  is  the  moral,  my  Lucretian  ?  You  and  I  are  not 
likely  to  indulge  in  ill-temper  in  the  discussion  of  these 
great  topics,  wliere  we  see  so  much  room  for  honest  differ- 
ences of  opinion.  But  there  are  people  of  less  wit  or  more 
bigotry  (I  say  it  with  humility  ),  on  lioth  sides,  who  are  ever 
ready  to  mingle  anger  and  vituperation  with  such  discus- 
sions. There  are,  for  example,  writers  of  note  and  influence 
at  the  present  day,  who  are  not  ashamed  publicly  to  assim:e 
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the  "deep  personal  sin"  of  a  great  logician  to  be  tbc 
of  his  unbelief  in  a  theologio  dogma.'    And  there  are 
who  hold  that  we,  who  cherish  our  noble  Bible, 
as  it  has  been  into  the  constitution  of  our  forefathers, 
by  inheritance  into  us,  must  necessarily  be  hypocritical 
insincere.    Let  us  disavow  and  discountenance  such 
cherishing  the  imsweiving  faith  that  what  isgnwl  and 
in  both  our  arguments  will  be  preserved  for  the  beoe€l 
humanity,  while  all  that  is  bad  or  false  will  disappear.' 
I  hold  the  Bishop's  reasoning  to  be  unanswerable, 
his  liberality  to  be  worthy  of  imitation. 

It  is  worth  remarking  that  in  one  respect  the  Bi»bi>| 
was  a  product  of  his  age.  Long  previous  to  his  day  tb« 
nattu-e  of  the  soul  liad  been  so  favourite  and  general  a  topic 
of  discussion,  that,  when  the  students  of  the  Italian  Uni- 
versities wished  to  know  tlie  leanings  of  a  new  ProfeMf, 
tliey  at  once  requested  him  to  loctiu-e  upon  the  sod. 
About  the  time  of  Bishop  Butler  the  question  wras  not  only 
agitate<l  but  extended.  It  was  seen  by  the  clear-witted 
men  who  entered  this  arena,  that  many  of  their  l>e-f  .— 
ments  applied  equally  to  brutes  and  men.  The  h. 
arguments  were  of  this  character.  He  saw  it,  admitted  it, 
took  the  consecjuence,  and  boldly  embraced  the  whole 
animal  world  in  his  scheme  of  inunortality. 


Bishop  Butler  accepted  with  unwavering  trust  the  chw- 
nology  of  the  Old  TesUunent,  describing  it  as  'cont 
by  tile  natural  and  civil  history  of  the  world,  coUe 
from  common  historians,  from  the  state  of  the  earth, ; 
from    the  late  inventions  of  arts  and  sciences.'      Tli 

'  This  ia  the  aspect  under  which  the  Eilitor  of  the  '  Dublin  Btrk 
ItmeMa  to  hi*  reudere  lh«  memory  of  John  t^tuart  HilL     I  out  ontrl 
tlint  I  would  116  soon  t.ike  my  cbuiice  in  the  other  world,  in  the  conifABf 
ibo  '  unbeliever,'  as  in  that  of  hi»  Jci5nit  iletpictor.     In  Dr.  AVard  we 
an  (.-xiiniplo  of  a  wbolosomo  and  rigprous  nature,  soiii>m1  and  permud  I 
poisonous  cteod.. 
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■words  mark  progress  ;  and  they  must  seem  somewhat  hoary 
^m  the  Bishop's  successors  of  to-da\'.  It  is  liardly  neces- 
Hiy  to  inform  you  that  since  his  time  the  domiiiu  of  the 
naturalist  has  been  immensely  extended — the  whole  science 
of  gcologj',  with  its  astoimding  revelations  regarding  the 
life  of  the  ancient  earth,  having  been  crejited.  The 
rigidity  of  old  conceptions  has  been  relaxed,  the  public 
mind  being  rendered  gradually  tolerant  of  the  idea  that 
not  for  six  thousand,  nor  for  sixty  thousand,  nor  for  six 
thousand  thousand,  but  for  seons  embracing  untold  mil- 
lions of  years,  this  earth  has  been  the  theatre  of  life 
and  death.  The  riddle  of  the  rocks  has  been  read  by  the 
geologist  and  palieontologist,  from  sub-cambrian  depths 
to  the  deposits  thickening  over  the  sea-bottoms  of  to-day. 
And  upon  the  leaves  of  that  stone  book  are,  as  you  know, 
stamped  the  characters,  plainer  and  sm"er  than  those  formed 
by  the  ink  of  history,  which  carry  the  mind  back  into 
abysses  of  past  time,  compared  with  which  the  periods  which 
satisfied  Bishop  Butler  cease  to  have  a  visual  angle. 

The  lode  of  discovery  once  struck,  those  pttritied  forms 
in  which  life  was  at  one  time  active,  increased  to  multi- 
tudes and  demanded  classification.  They  were  grouped  in 
genera,  species,  and  varieties,  according  to  the  degree  of 
similarity  subsisting  between  them.  Thus  confusion  was 
avoided,  each  oljject  being  foimd  in  the  pigeon-hole  appro- 
priated to  it  and  to  its  fellows  of  similar  morpholoj^ical  or 
physiological  character.  The  general  fact  soon  became 
evident  that  none  but  the  simplest  forms  of  life  lie  lowest 
down  ;  that,  as  we  climb  higher  among  the  superimposed 
st.rata,  more  perfect  forms  appear.  The  change,  however, 
from  form  to  form  was  not  continuous,  but  by  steps — soma 
small,  some  great.  '  A  section,'  says  Mr.  Huxley,  'a  hun- 
dred feet  thick  will  exhibit  at  tlitlerent  heights  a  dozen 
species  of  Ammonite,  none  of  which  passes  beyond  its  par- 
ticular zone  of  limestone,  or  clay,  into  the  zone  below  It, 


FtOB 


FRAGMENTS  OF   SCIEXCE. 


or  into  that,  above  it.'  In  the  presence  of  such  Cuti  it 
was  not  possible  to  avoid  the  question  :  Have  tbeM  kum, 
showing,  though  in  broken  stages,  and  with  manr  img^ 
larities,  this  iinmistjikable  general  advance,  lieen  ?i  ' '  ' 
to  no  continuous  law  of  growth  or  variation  ?  Had  ■■ 
cation  been  purely  scientific,  or  had  it  been  sufBcientJr  de^ 
tached  from  influences  wliich,  liowever  ennobling  in  anothtr 
domain,  have  always  proved  hindrances  and  delusions  when 
introduced  as  factors  into  the  domain  of  physics,  theseiea* 
tific  mind  Tiever  coidd  have  swerved  from  tlie  search  for 
a  law  of  growth,  or  allowed  itself  to  accept  the  antl 
morphism  which  regarded  each  successive  stratum 
kind  of  mechanic's  bench  for  the  manufacture  of  new 
out  of  all  relation  to  the  old. 

Biased,  however,  by  their  previous  education,  the 
majority  of  naturalists  invoked  a  special  creative 
account  for  tlie  appearance  of  each  new  group  of  organii 
Doubtless   niimWrs  of  them  were   clear-headed   enoi 
to  see  that  this  was  no  explanation  at  all — that  in  puii^. 
of  fact  it  was  .in  attempt,  by  the  introduction  «»f  a 
difficulty,  to  account  for  a  less.     But,  havinj^  nothing 
offer  in  the  way  of  explanation,  they  for  tlie  most 
held  their  peace.     Still  the  thoughts  of  reflecting 
naturally  and  necessarily  simmered  round  the   (juesti 
De  Maillet,  a  contemporary  of  Newton,  has  been   brou 
into  notice  by  Professor  Huxley  as  one  who  '  had  a  no 
of  the  modifiability  of  living  forms.'     In  ray  fretpient 
versations  witli   the  late  .Sir  Benjamin  Brodio,  a  man  i 
highly  pliilosophic  mind,  he  often  drew  my  attention  to 
fact  that,  as  early  as  1794,  Charles  Darwin's  grandfatl) 
was  the  pioneer  of  Charles  Darwin.'    In  1801,  and  in  sul 
quent  years,  the  celebr.ited  Lamarck,  who,  through  the 
vigorous  exposition  of  his  views  by  the  author  of  the' 
liges  of  Creation,'  rendered  the  public  mind  perfectly  i 
liar  with  the  idea  of  evolution,  endeavoured  to  show  the< 
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telopment  of  species  out  of  changes  of  habit  and  external 
condition.  In  1813  Dr.  Wells,  tlie  foiiiider  of  our  present 
theory  of  Dew,  read  before  the  Koyal  Society  a  paper  in 
which,  to  use  the  words  of  ^Ir.  Darwin,  '  he  distinctly 
recognises  the  principle  of  natural  selection  ;  aTid  tliis  is 
the  first  recognition  that  has  been  indicated.'  The 
thoroughness  and  skill  with  which  Wells  pursued  liis  work, 
andtheobvious  independence  of  his  character,  rendered  him 
long  ago  a  favourite  with  me  ;  and  it  gave  me  tlie  liveliest 
pleasiu-e  to  alight  upion  this  additional  testimony  to  his 
penetration.  Professor  Grant,  Mr.  Patrick  Matthew, 
Von  Buch,  the  author  of  the  '  Vestiges,'  D'Halloy,  and 
others,'  by  the  enunciation  of  opinions  more  or  less  clear 
and  correct,  showed  that  the  question  had  been  fer- 
menting long  prior  to  the  year  1858,  when  Mr.  Darwin 
and  Mr.  Wallace  simultaneously,  but  independently, 
placed  their  closely  concurrent  views  before  the  Linnean 
Society. 

These  papers  were  followed  in  1859  by  the  publication 
of  the  first  edition  of  the  '  Origin  of  Species.'  All  great 
things  come  slowly  to  tlie  birth.  Copernicus,  as  I  in- 
formed you,  pondered  his  great  work  for  thirty-three 
years.  Newton  for  nearly  twenty  ye-irs  kept  the  idea  of 
Gravitation  before  his  mind ;  for  twenty  years  also  he 
dwelt  upon  his  discovery  of  Fluxions,  and  doubtless 
would  have  continued  to  make  it  the  object  of  his 
private  thought,  had  he  not  foimd  Leibnitz  upon  his 
track.  Darwin  for  two-and-twenty  years  pondered  the 
problem  of  the  origin  of  species,  and  doubtless  he  would 
tiave  continued  to  do  so  liad  he  not  found  Wallace  upon 
il»  track.'    A  concentrated,  but  full  and  powerful,  epitome 

'  lo  185S  Mr.  Herlicrt  Sponccr  (' l'riucipl»-ii  of  P«vcl)oloj^,"  2nd  odit. 
■L  i.  p.  4Q.))  expressed  -  the  belief  tliiit  life  uniler  nil  its  furmg  hits  ariMn 
jjHkn  unbrokon  eTolutioii,  nnd  through  the  insttrumentnlity  of  irhnt  are 
IBm  nAtiiriU  ciDseii.'    This  yrn»  my  belief  iiIdo  at  thnt  Lime. 

'  The  lieliaviour  of  Mr.  Wallace  in  relation  to  \ii\s  »v\>\acX.  V»»  \»ft'o. 
VfOiiSed  in  tho  highest  rJegrac. 
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of  his  labours  was  the  coasequence.  Th«  bowk  was 
meaus  an  easy  one  ;  and  probably  not  one  in  every  sa 
of  4bose  who  then  attacke<l  it,  bad  read  its  page*  tiaotf 
or  were  comp«tf.nt  to  grasp  their  significance  if  tbo.f  hi 
I  do  not  soy  this  loerelj  to  discredit  them :  for  Uicrc  f« 
in  tho^e  days  somo  really  eminent  sctentiBc  meB|  entill 
raised  above  the  beat  of  popular  prejudice,  and  wiiliog' 
accept  any  conclusion  that  science  had  to  offer,  provid 
it  was  duly  backed  by  fact  and  ar^meat,  who  entiw 
mistook  Mr.  Darwin's  vieww.  In  fact  the  work  needed 
expounder,  and  it  found  one  in  Mr.  Huxley.  I  km 
nothing  more  admirable  in  the  way  of  scientific  expoflti 
than  tliose  early  articles  of  his  on  the  origin  of  fpt^i 
He  swept  the  curve  of  discussion  through  the  retllr  t 
niticant  points  of  the  subject,  enriched  bis  expogiti'iu  w 
profound  original  remarks  and  reflections,  often  sumnii 
up  in  a  single  pithy  sentence  an  argument  which  a  1 
compact  mind  would  have  spread  over  pages.  But  th 
is  one  impression  made  by  the  book  itself  which  no  ex 
sition  of  it,  however  luminous,  can  convey ;  and  tha 
the  impression  of  the  vast  amount  of  labour,  both  of 
servation  and  of  thought,  implied  in  its  production, 
us  glance  at  its  principles. 

It  is  conceded  on  all  hands  that  what  are  ca 
'  varieties '  are  continually  produced.  The  rule  is  probe 
withoiit  exception.  No  chick,  or  child,  is  in  all  resp 
and  particulars  the  counterpart  of  its  brother  and  sisi 
and  in  such  differences  we  have  '  variety '  incipient, 
naturalist  could  tell  how  far  this  variation  could  be  carr 
but  the  great  mass  of  them  held  that  never,  by  any  amo 
of  internal  or  external  change,  nor  by  the  mixture  of  b 
could  the  offspring  of  the  same  progenitor  so  far  dev 
from  each  other  as  to  constitute  different  species.  ' 
function  of  the  experimental  philosopher  is  to  coml 
the  conditions  of  Nature  and  to  produce  her  resulbi ; 
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the  method  of  Darwin.'  He  made  himself 
linted  with  what  could,  without  any  manner  of  doubt, 
done  in  the  way  of  producing  variation.  He  associated 
■nself  with  pigeon-fanciers — bought,  begged,  kept,  and 
served  every  breed  that  he  could  obtain.  Though  de- 
lved from  a  common  stock,  the  diversities  of  these  pigeons 
are  such  that  '  a  score  of  them  might  be  chosen  which, 
shown  to  an  ornithologist,  and  he  were  told  that  they 
are  wild  birds,  would  certainly  be  ranked  by  him  as  well- 
ifined  species.'  The  simple  principle  which  guides  the 
geon-fancier,  as  it  does  the  cattle-breeder,  is  the  se- 
ction of  some  variety  that  strike;!  his  fancy,  and  the  pro- 
igation  of  this  variety  by  inheritance.  With  his  eye 
til  directed  to  the  particular  appearance  which  he  wishes 
>  exaggerate,  he  selects  it  as  it  reappears  in  successive 
loods,  and  thus  adds  increment  to  increment  until  an 
tonishing  amount  of  divergence  from  the  parent  type  is 
fected.  The  breeder  in  this  case  does  not  produce  the 
iments  of  the  variation.  He  simply  observes  them,  and  by 
Hetion  adds  them  together  until  the  required  result  has 
sen  obtained.  'No  man,'  says  Mr.  Dan^in,  'would  ever 
y  to  make  a  fantail  till  he  saw  a  pigeon  with  a  tail  de- 
iloped  in  some  slight  degree  in  an  imuaual  manner,  or  a 
luter  until  he  saw  a  pigeon  with  a  crop  of  unusual  size.' 
lus  nature  gives  the  hint,  man  acts  upon  it,  and  by  the 
w  of  inheritance  exaggerates  the  deviation. 

Ha\nng  thus  satisfied  himself  by  indubitable  facts  that 
(C  organisation  of  an  animal  or  of  a  plant  (for  precinely 
le  same  treatment  applies  to  plants)  is  to  some  I'xtmt 
astic,  he  passes  from  variation  under  doincsliciilinii  to 
iriation  under  nature.  Hitherto  we  h;r..  li.^ili  with  the 
Iding  wgether  of  small  changes  by  the  coiihciouh  Hchu^l  hm 

<  The  first  »u-p  on'ij  towjirdk  cxptrnmnntAl  domoiiiitrRlliiii  Ima  Iwin 
ken.  Ezp^nmcnts  nov  liefnin  iiiii;)it,  n  citiple  of  oimtirrUii  liniinn,  Airiiltli 
ttA  of  iDfalcnlable  toIdo,  which  oogbt  to  bs  •appliod  lu  tlm  icliiiitf*  nt  Ihi 
ttura. 
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of  man.  Cjih  Nature  thii*  aeleo| 
is, '  Asatuedly  tihc  ca.u.'  The  nuj 
duccd  is  far  in  excess  of  Ihe  i 
ported  ;  hence  at  enme  period  op 
must  be  a  struf^gle  for  esisteni 
fallilile  result?  If  one  urganii^ 
the  other  in  regard  to  strength,  i 
conditiaas  would  decide.  But  tl 
we  have  the  fact  of  variety  offeii 
the  former  iiii^tance  it  offered  il 
varieties  which  are  Icjist  eompf 
rounding  conditions,  will  iufallifc 
are  moet  competent.  To  use  { 
weakest  comes  to  the  wall.  Bi 
tion  a^in  Lreeda  to  over-protj 
qualities  which  secured  its  main( 
them  iu  different  degrees.  The 
supervenea,  and  those  to  whom 
has  lieen  transmitted  in  excess,  w 
It  is  enny  to  see  that  we  have  1 
ments  favourable  to  the  individi 
carried  out  than  in  the  case  of 
only  are  unfavourable  specimens 
but  they  are  destroyed.  This  is 
'Natural  Selection,'  which  'ac 
and  accumulation  of  small  iiihe 
profitable  to  the  preserved  being 
terpenetratea  and  leavens  the  va 
and  others  have  colleeted.  We  i 
our  eyes  through  fear  or  prejudia 
is  here  dealing,  not  with  imaginai 
nor  can  we  fail  to  discern  what  v. 
produced  by  natural  selection  in 
Each  indiddual  increment  may 
maticians  caU  a  '  diflerential '  { 
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1) ;  but  definite  and  great  changes  may  obviously  be 
iuced  by  the  integrution  of  these  infinitesimal  quantities, 
■rough  practically  iufinitt;  time. 
I  If  Darwin,  like  Bruno,  rejects  the  notion  of  creative 
irer  acting  after  human  fashion,  it  certainly  is  not 
»use  he  is  unacquainted  with  the  numberless  exquisite 
ptations,  on  which  this  notion  of  a  supernatural  Artificer 
been  founded.  His  book  is  a  repository  i»f  the  most 
ing  facts  of  this  description.  Take  the  marvellous 
Brvation  which  he  cites  from  Dr.  Criiger,  where  a 
tet  with  an  aperture,  serving  as  a  spout,  is  formed  in 
'orchid.  Bees  visit  the  flower  :  in  eager  search  of  material 
k|  their  combs  they  push  each  other  into  the  bucket,  the 
knched  ones  escaping  from  their  involuntary  bath  by  the 
Ipout.  Here  they  rub  their  backs  against  the  viscid  st  igma 
rf  the  flower  and  obtain  glue ;  then  against  the  pollen- 
lUuses,  which  are  thus  stuck  to  the  back  of  the  bee  aud  ear- 
ied  away.  '  When  the  bee,  so  provided,  flies  to  another 
lower,  or  to  the  same  flower  a  second  time,  and  is  pushed 
y  its  comrades  into  the  bucket,  aud  then  crawls  out  by 
he  passage,  the  pollen-mass  upon  its  back  necessarily 
omes  first  into  contact  with  the  viscid  stigma,'  which 
akes  up  the  pollen ;  aud  this  is  liow  that  orchid  is  fertil- 
»ed.  Or  take  this  other  case  of  the  Cataaetum.  '  Bees 
isit  these  flowers  in  order  to  gnaw  the  labelhnn  ;  in  doing 
his  they  inevitably  touch  a  long,  tapering,  sensitive 
irojection.  This,  when  touched,  transmits  a  sensation  or 
ibration  to  a  certain  membrane,  which  is  instantly  rup- 
ured,  setting  free  a  spring,  by  which  the  pollen-mass  is 
hot  forth  like  an  arrow  in  the  right  direction,  and  adheres 
ly  its  viscid  extremity  to  the  back  of  tlie  bee.'  In  this 
my  the  fertili>ing  pollen  is  spread  abroad. 

It  is  the  mind  thus  stored  with  the  choicest  materials 
if  the  teleologist  that  rejects  teleology,  seeking  to  refer 
hese  wonders  to  natural  causes.    Tliey  illustiatr,  according 
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to  him,  the  method  of  nature,  not  the  '  technic '  of  a  man- 
like Artificer.     The  beauty  of  flowers  is  due  to  nat 
selection.     Those  that  distinguish  themselves  by  vi' 
contrasting  coloiu-s  from  the  surroiuiding  green  leaves  are 
most  readily  seen,  most  frequently  \'isit€d  by  insects,  m' 
often  fertilised,  and  hence  most  favoured  by  natural  «eli 
tion.     Coloured  berries  also  readily  attract  the  atten 
of  birds  and  beasts,  which  feed  upon  them,  spread  t 
manured   seeds    abroad,    thus    giving  trees  and   shr 
possessing  such  berries  a  greater  chance  in  the  struggle 
for  existence. 

With  profound  analytic  and  synthetic  skill,  Mr.  Darwin 
investigates  the  cell-making  instinct  of  the  hive-bee,    Hi» 
method  of  dealing  with  it  is  representative.     He  falb  back 
from  the  more  perfectly  to  the  less  perfectly  develo] 
instinct — from  the  hive-bee  to  the   himible  bee,  wh: 
uses  its  own  cocoon  as  a  comb,  and  to  classes  of  bees  of 
intermediate  skill,  endeavouring  to  show  how  the  passage 
miglit  be  gradually  made  from  the  lowest  to  the  highesL 
The  saving  of  wax  is  the  most  important  point  in  the 
economy  of  bees.     Twelve  to  fifteen  pounds  of  dry  sugar 
are  said  to  be  needed  for  the  secretion  of  a  single  pound 
of  wax.     The  quantities  of  nectar  necessary  for  the  wax 
must  therefore  be  vast ;  and  every  improvement  of  constnuy 
tive  instinct  which  results  in  the  saving  of  wax  is  a  direct 
profit  to  the  insect's  life.     The  time  that  would  otherwisftj 
be  devoted  to  the  making  of  wax,  is  now  devoted  to  ^^| 
gathering  and  storing  of  honey  for  winter  food.   Mr.  DannlW 
passes  from  the  humble  bee  with  its  rude  cells,  thrw 
the  Melipona  with  its  more  artistic  cells,  to  the  hive- 
with  its  astonishing  architecture.     The  liees  place  thi 
selves  at  equal  distances  apart  upou  the  wax,  awoep 
excavate  equal  spheres  round  the  selected  points.     The 
spheres  intoreect,  and  the  planes  of  intersection  are  hiiilt 
up  with  tliin  laminae.     Hexagonal  cells  are  thus  form 
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This  mode  of  treating  such  questions  is,  as  I  have  said,  re- 
presentative. The  expositor  habitually  retires  from  the 
more  perfect  and  complex,  to  tlie  less  perfect  and  simple, 
and  carries  you  with  liim  tbrouj,'li  stages  of  perfecting — adds 
increment  to  increment  of  infinitesimal  cliange,  and  in 
this  way  gr.idually  breaks  down  your  reluctance  to  admit 
that  the  exquisite  climax  of  the  whole  could  be  a  result  of 
natural  selection- 
Mr.  DarAvin  shirks  no  difficulty  ;  and,  saturated  as  the 
subject  was  with  his  own  thought,  he  must  have  known, 
better  than  his  critics,  the  weakness  as  well  as  the  strength 
of  his  theory.  This  of  course  would  be  of  little  avail  were 
his  object  a  temporary  dialectic  victory,  instead  of  the 
establishment  of  a  truth  wliioh  he  means  to  be  everhist- 
ing.  But  he  takes  no  pains  to  disguise  the  weakness  he 
has  discerned ;  nay,  he  takes  every  pains  to  bring  it  into 
the  strongest  light.  His  vast  resources  enable  Jiim  to  cope 
with  objections  started  by  himself  and  others,  so  as  to 
leave  the  final  impression  upon  the  reader's  mind  that,  if 
they  be  not  completely  answered,  they  certainly  are  not 
fatal.  Their  negative  force  being  thus  destroyed,  you  are 
free  to  lie  influenced  by  the  vast  positive  mass  of  evidence 
he  is  able  to  bring  before  you.  This  largeness  of  know- 
ledge, and  readiness  of  resoiu-ce,  render  Sir.  Darwin  the 
most  terrible  of  antagonists.  Accomplished  naturalists 
have  levelled  heavy  and  sustained  criticisms  against  him — 
not  always  with  the  view  of  fairly  weighing  his  theory,  but 
with  the  express  intention  of  exposing  its  weak  points 
only.  This  does  not  irritate  him.  He  treats  every  ob- 
jection with  a  soberness  and  thoroughness,  which  even 
Bishop  Butler  might  be  proud  to  imitate,  surrounding 
each  fact  with  its  appropriate  detail,  placing  it  in  its 
proper  relations,  and  usually  giving  it  a  significance 
which,  as  long  as  it  was  kept  isolated,  failed  to  appear. 
This  is  done  without  a  trace  of  ill-temipeT.     tta-iaaNw*. 

L  L 
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over  the  giiliject.  with  the  passiod 
and  the  grinding  of  the  rocka 
counterpart  in  the  logical  pulvej 
But  thouffh  in  haudiiiifj  tliis  mi^ 
been  stiik'd,  there  h  an  t-motion  i 
to  the  discernment  of  new  trutl^ 
warms  the  pages  of  Mr.  Darwial 
great ;  and  thia  impUe^!  not  otilj 
hilt  the  preparednesH  of  the  piibl 
tirtu.  On  this  head  a  remark  i| 
more  than  anything  else.  SpruJ 
giHtiss,  this  celebrated  man  comb(| 
of  natural  fielection.  One  of  tb< 
pleasure  of  nrieeting  liim  in  the  i 
Winthrop's  tieautiful  residence  at 
Risiug  from  luncheon,  we  all 
consent  in  front  of  a  window,  aj 
eussion  which  had  heen  started  a 
in  its  autumn  gUii7 ;  and  the  exc 
outside  &eemed,  in  my  ciuie,  to  it 
turhance  the  int*?lleetual  action, 
Agaasiz  turned,  and  said  to  the  gt 
'  I  confess  that  I  was  not  prep 
received  as  it  has  heen  by  the  he 
Its  success  ja  greater  than  I  coulc 

In  our  day  grand  generalisa 
The  theory  of  the  origin  of  spe 
Another,  of  still  wider  grasp  and 
is  the  doctrine  of  the  Conserva 
mate  phih>sophical  issuea  of  wh 
Been — that  doctrine  which  '  hinds 
iin  extent  not  hitherto  recognisi 
antecedent  its  equivalent  eonae<5 
tpicnt  its  equivalent  antecedent,  i 
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^H  physical  phenomena  under  the  dominion  of  that  law  of 
'  causal  connection  whidi,  so  far  as  the  human  understand- 
ing has  yet  pierced,  asserts   itself  everywhere  in  nature. 
I   l«ong   in  advance   of  all    definite    experiment   upon    the 
^■Bbject,  the  constancy  and  indestructibility  of  matter  had 
Poeen  aflBrmed  ;  and  all  8uhse<|uent  exjierienee  justified  the 
I    affirmation.     Mayer  extended  the  attribute  of  indestructi- 
bility to  force,  applying  it  in  the  first  instance  to  inorganic, 
and  afterwards,  with  profound  insight,  to  organic  nature. 
.'he  vegetable  world,  though  drawing  almost  all  its  niitri- 
nt  from  invisible  sources,  was  proved  incompetent  to 
erate  anew  either  mutter  or  force.     Its  matter  is  for 
,e  most  part  transmuted  gas ;  its  force  transformed  solar 
■ce.     The  animal  world  was  proved  to  Ik?  equally  un- 
creative,  all   its  motive    energies    being  referred   to  the 
combustion  of  its  food.     Tbe  activity  of  each  animal,  as  a 
whole,  was  proved  to  be  the  transferred  activity  of  its  mole- 
es.   The  muscles  were  shown  to  be  stores  of  mechanical 
ergy,  potential  luitil  unlocked  by  the  nerves,  and  then 
ulting  in  nuiseuhtr  contractions.     The  speed  at  which 
ges  fly  to  and  fro  along  the  nerves  was  determined, 
and   found  to   be,  not  as  had   Vieen  previously  supposed, 
equal  to  that  of  light  or  electricity,  but  less  tban  the  speed 
of  sound — less  even  than  tliat  of  a  ilying  eagle. 
^^     This  was  the  work  of  the  physicist :  then  came  the  con- 
^^uests  of  the  comparative  anatomist  and  physiologist,  re- 
I     vealing  the  structure  of  every  animal,  and  tbe  function  of 
^Brery  organ  in  the  whole  biological  series,  from  the  lowest 
^zoophyte  up  to  man.     Tlie  nervous  system  had  been  made 
the  object  of  profound  and  continued  study,  the  wonderful 
and,  at  bottom,  entirely   mysterious    controlling   power 
which  it  exercises  over  the  whole  organism,  physical  and 
mental,    being    recognised    more    and    more.      Thought 
could  not  be  kept  back  from  a  subject  so  profoundly  sug- 
^Btestive.     Besides  the   physical   life   dealt  mt\i  Vs^  "^Ax. 
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Dwin,  tiHce  is  a  percfaical  life  {tre^ntiDg^  similar 

utd  uking  equally  for  a  solutioa.     How  are 
diffeicaC  giade*  and  orders  of  Mind  to  be  accounted  forfj 
Wbak  M  the  principle  of  growth  of  that  mysterioiu 
whidiaa  oar  phaet  culminates  in  Resisou?     These 
qwwrioM    vhi^   though    not    thrusting   tbenuelvea  M| 
faralify  i^oa  t]M  atceotion  of  the  general  ]>  '  I  not' 

oofy  III!  lyii  J  mmj  reflecting  miiida,  but  i  u  fur>{ 

malhr   brMdied  bf  oae  of  them  before  the  *^  Origin  oTj 
Species'  appeared. 

With  the  mass  of  materials  furnished  by  the  phyridtt 
and  pbjsiologiit  in  his  hands,  Mr.  Herbert  Spencer, 
twenty  years  ago,  sought  to  graft  upon  this  basis  a  sysl 
l«f  psychology;  and  two  years  ago  a  second  and  gresti; 
iplified  edition  of  his  work  appeared.  These  who  havtj 
themselves  with  the  beaotiful  experiments 
!  will  remember  that  when  two  spherules  of  olivi 
,  sospended  in  a  mixture  of  aU-ubol  and  water  of 
density  aa  the  ail,  <te  brought  together,  they  do 
'immediately  unite.  Something  like  a  pellicle  appears  t«1 
be  fiarmed  around  the  drops,  the  rupture  of  which  is  imm< 
diately  followed  by  the  coalescence  of  the  globules  inl 
one.  There  are  organisms  wboae  rital  actions  are 
as  purely  physical  as  that  of  these  drops  of  oil.  They 
into  contact  and  fuse  themseires  thus  together.  Froi 
such  organisms  to  others  a  shade  higher,  from  the«e  to 
others  a  shade  higher  still,  aiMl  on  through  an  ever  ascend- 
ing series  )Lr.  Spencer  conducts  his  argument.  There 
are  two  obvious  Stetors  to  be  here  taken  into  account 
the  creature  and  the  medium  in  which  it  lives,  or,  as  it  ii 
often  expre«sed,  the  organism  and  its  environment. 
Spencers  fundamental  principle  is,  that  between  th 
two  factors  there  is  incessant  interaction.  The  organism 
is  played  upon  by  the  environment,  and  is  moditied  to 
meet  the  requirements  of  the  environment.    Life  he  defines 
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be  'a  continuous  adjustment  of  internal  relations  to  ex- 
nal  relations.' 

^  In  the  lowest  organisms  we  have  a  kind  of  tactual  sense 
^diflFused  over  the  entire  body;  then,  tluough  impressions 
f  from  witluiut  and  their  corresponding  adjustments,  spt-cial 
^k>rtions  of  the  surface  become  more  responsive  to  stimuli 
^Han  others.  The  senses  are  nascent,  the  basis  of  all  i>f  them 
^Hing  tliat  simple  tactual  sense  which  the  sage  Democritus 
I^Rcognised  2,300 years  ago  as  their  common  jirngenitor.  The 
action  of  liglit,  iu  the  first  instance,  appears  to  be  a  mere  dis- 
turbance of  the  chemical  processes  in  the  animal  organism, 
similar  to  that  wliicli  occurs  in  the  leaves  of  plants.  By  de- 
es the  action  becomes  localised  in  a  few  pigment-ccUs, 
•re  sensitive  to  light  than  the  surrounding  tissue.  The 
'e  is  incipient.  At  first  it  is  merely  capable  of  revealing 
"erencea  of  light  and  shade  produced  by  bodies  close 
hand.  F'oUowed,  as  tlie  interception  of  tiie  light  is,  in 
ost  all  cases,  by  the  contact  of  the  closely  adjacent 
ue  body,  sight  in  this  condition  Incomes  a  kind  of 
ticipat^fry  touch.'  The  adjustment  continues  ;  a  slight 
Iging  out  of  the  epidermis  over  the  pigment-granules 
wpervenes.  A  lens  is  incipient,  and,  through  the  opera- 
tion of  infinite  adjustments,  at  length  reaches  the  perfec- 
tion that  it  displays  in  the  hawk  and  eagle.  So  of  the 
other  senses;  they  are  special  differentiations  of  a  tissue 
which  was  originally  vaguely  sensitive  all  over. 

With  tlie  development  of  the  senses,  the  adjustments 
between  the  organism  and  its  environment  gradually  ex- 
tend in  Hpiice,a.  mtdtiplication  of  experiences  and  a  corre- 
sponding modification  of  conduct  being  the  result.  The 
adjustments  also  extend  in  time,  covering  continually 
greater  intervals.  Along  with  this  extension  in  space  and 
time  tlie  adjustments  also  increase  in  speciality  and  com- 
plexity, passing  through  the  various  grades  of  brute  life, 
and  prolonging  themselves  into   the  domain  of  reason. 


br  birds  vl 
The  dephaat  is 

tactaal  nageaod 
«l  experieoees,  whicli 
tmnk,  bring  the  I 
•  siniilar  cune,  uei 
— atoneiDent  beiag 
the  bone,  br  the 
In  tbe  Primattt  the  < 
tion  of  tactml  mj 
intelligent  anthrapoid 
ddicacT  greatly  augn 
being  thns  ^qwoed  to  t 
heiv,  not  only  in  virtu 
but  throogfa  tbe  enoni 
pmenee,  by  the  inre 
vhich  aerre  as  supplemi 
The  reciprocal  action  c 
tzatcd.  That  ch&sten< 
bav«-  reft-rrol  in  conne* 
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^ituess  the  slow  learning:  of  its  letters  by  a  child,  and 
the  subsequent  facility  of  reading  in  a  man,  when  each 
^  group  of  letters  wliich  forms  a  word  is  instantly,  and  with- 
^  out  effort,  fused  to  a  single  perception.  Instance  the 
^  billiard  player,  whose  muscles  of  hand  and  eye,  when  be 
L  reaches  the  perfection  of  his  art,  are  imconsciously  co-ordi- 
^  natetl.  Instance  the  musician,  who,  by  practice,  is  en- 
L  abled  to  fuse  a  multitude  of  arrangements,  auditory, 
ictual,  and  muscular,  into  a  process  of  automatic  mani- 
ition.  Combining  such  facts  with  the  doctrine  of 
jreditary  transmission,  we  reach  a  theory  of  Instinct, 
chick,  after  coming  out  of  the  egg,  balances  itself 
>rrectly,  runs  about,  picks  up  food,  thus  showing  that  it 
)8sesse8  a  power  of  directing  its  movements  to  definite 
ids.  How  did  the  chick  learn  this  very  complex  co- 
ordination of  e\'e,  muscles,  and  beak  ?  It  Las  not  been 
idividually  taught ;  its  personal  experience  is  nil ;  but  it 
IS  the  lienofit  of  ancestral  experience.  In  its  inherited 
rganissition  are  registered  the  powers  which  it  displays 
birth.  So  also  as  regards  the  instinct  of  the  hive-bee, 
Iready  referred  to.  The  distance  at  which  the  insects 
ind  apart  when  they  sweep  their  liemispheres  and  build 
leir  cells  is  'organically  remembered.'  Man  also  cames 
with  him  the  physical  texture  of  his  ancestry,  as  well  as 
the  inherited  intellect  bound  up  with  it.  The  defects  of 
intelligence  during  iiit'aucy  and  youth  are  probably  less 
due  to  a.  lack  of  individual  experience,  than  to  the  fact 
that  in  early  life  the  cerebral  organisation  is  still  incom- 
plete. The  period  neces.-ary  for  completion  varies  with 
the  race,  and  with  the  individual.  As  a  roimd  shot  out- 
strips a  rifled  boll  on  quitting  the  muzzle  of  the  gun,  so 
the  lower  race,  in  chjldhond,  may  outstrip  tlie  liigher.  But 
the  higher  eventually  overtakes  the  lower,  and  surpasses 
it  in  range.  As  regards  individuals,  we  do  not  always 
find  the  precocity  of  youth  prolonged  to  mental  power  in 
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while  the  dulness  of  boyhood   is   somctim( 
ij  contnsted  with  the  intellectual  energy  of 
N«wtoo«  when  a  boy,  was  weakly,  aud  he  showi 
pattknlar  spdtode  at  school ;  but  in  Lis  eighteen! 
be  w«Qt  to  Cambridge,  and  soon  afterwards  astonish( 
ifthaia   by  his  power  of  dealing  with  geometrii 
Daring  his  quiet  youth,  his  br^in  was  slowlj 
'  itself  to  be  the  organ  of  those  energies  which 
iitly  displayed. 
By  myriad  blows  (to  use  a   Lucretian  ptiraae) 
ISmageanddOiMraeription  of  the  external  world  are  stamj 
■teles  of  eonseiottsiMSS  upon  the  organism,  the  depi 
F«f  the  impression  depoidiiig  iqwo  the  number  of  the  blowi 
''When  two  or  more  plieiKMneiia  occur  in  the  environmei 
f  invariably  together,  they  are  stamped  to  the  same  depI 
or  to  the  same  relief,  and  indissolubly  connected.     Ai 
here  w«  come  to  the  thresbc^d  of  a  great  question. 
ing  that  he  eould  in  no  way  rid  himself  of  the  consciouft- 
Ittess  of  Space  and  Time,  Kant  assumed  them  to  be  neeev 
[■ury  '  forms  of  intuition,*  the  moulds  and  shapes  into 
rhich  iHir  intuitions  are  thrown,  belonging  to  ourselves, 
without  ohjeetiv^e  existence.     With  unexpected  p<iweT 
aoeoeiB   Mr.  Spencer  brings  the  hereditary   experii 
theory,  as  be  holds  it,  to  bear  upon  this  quest  ioi 
*  If  there  exist  certain  external  relations  which  are  experi- 
^•nced  by  all   organisms  at  all  instants  of  their  waking 
ives— lelatioBS  which  are  absolutely  constant  and  tmi- 
will    be    established    answering    internal 
relittions,  that    are    absolutely  constant  and   tmir 
Saeh  relations  we  bnre  in  those  of  Space  and  Timeu 
tt«  subetntmn  of  aH  other  relations  of  the  Non-Ego,  thi 
MV^t  be  responded  to  by  eoneepdons  that  are  the  sul 
kta  of  all  other  nrbuions  in  tite  Ego.     Being  the 
It  and  intiuitely  repeated  elements  of  tbo<ight,  th 
become  the  automatic  elements  of  thought — the  el< 
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lents  of  thought  which  it  is  impossible  to  get  rid  of — tlie 
forms  of  int  iiition." ' 

Throughout  this  application  and  extension  of  Hartley's 
Ip  Mill's  '  Law  of  Inseparable  Association,'  Mr.  Spencer 
Hutds  upon  his  own  ground,  invoking,  inst.esid  of  the  experi- 
nces  of  the  individual,  the  registered  experiences  of  the 
ftce.  His  overthrow  of  the  restriction  of  experience  to  the 
adividual  is,  I  think,  complete.  That  restriction  ignores 
he  power  of  organising  experience,  furnished  at  the  out- 
et  to  each  individual ;  it  ignores  the  different  degrees  of 
his  power  possessetl  by  different  races,  and  by  different 
adividuals  of  the  same  race.  Were  there  not  in  the 
lUman  brain  a  potency  antecedent  to  all  experience,  a  dog 
r  a  cat  ought  to  be  as  capable  of  education  as  a  man. 
'hese  predetermined  intenial  relations  are  independent  of 
be  experiences  of  the  individual.  The  human  brain  is 
he  *  organised  register  of  infinitely  numerous  experiences 
Bceived  during  the  evolution  of  life,  or  rather  during  the 
volution  of  that  series  of  organisms  through  which  the 
uman  organism  has  been  reached.  The  effects  of  the 
lost  tmiform  and  frequent  of  these  experiences  have  been 
accessively  lieiiueatlied,  principal  and  interest,  and  have 
Lowly  mounted  to  that  high  intelligence  which  lies  latent 
n  the  brain  of  the  infant.  Thus  it  happens  that  tlie 
European  inherits  from  twenty  to  thirty  cubic  inches 
Qore  of  brain  than  the  Papuan.  Thus  it  happens  that 
acuities,  as  of  music,  which  scarcely  exist  in  some 
oferior  races,  become  congenital  in  superior  ones.  Thus 
I  happens  that  out  of  savages  unable  to  count  up  to  the 
lumber  of  their  fingers,  and  speaking  a  language  con- 
aining  only  nouns  and  verbs,  arise  at  length  our  Newtona 
nd  Shakspeares.' 

At  the  outset  of  this  Address  it  was  stated  that  physi- 
al  theories  which  lie  beyond  experience  are  derived  by  a 
irocess  of  abstraction  from  erpeiience.    It  \4  va%VTv«x;v»fej 


k 


1 

^mi^mm'^  ^mmtm. 

^ 

■^  _  ^^^^^^ 

■^ 

^   '^-"' 

■*"                *"*  ^  ^  !^ 

2 

THE   BELFAST   ADDRESS. 


633 


P     or. 


to  have  been  introduced.  He  quotes  with  satis- 
tion  the  words  of  h  celebrated  author  and  divine 
ho  had  •■  gradually  leiirnt  to  see  that  it  was  just  as  nohlo 
conception  of  the  Deity  to  believe  He  created  a  few 
iginal  forms,  capable  of  self-development  into  other  and 
ledful  forms,  as  to  believe  He  required  a  fresh  act  of 
tion  to  supply  the  voids  caused  by  the  action  of  His 
ws.'  What  Mr.  Darwin  tliinks  of  this  view  of  the  intro- 
iction  of  life  1  do  not  know.  But  the  anthropomorphism, 
which  it  seemed  his  object  to  set  aside,  is  a.-i  tirmly  asso- 
ciated witli  the  creation  of  a  few  forms  as  with  the  creation 
of  a  multitude.  We  need  clearness  and  thoroughness  here. 
Two  courses  and  two  only  are  possible.  Either  let  us 
en  our  doorR  freely  to  the  conception  of  creative  acts, 
"or,  abandoning  them,  let  us  radically  change  our  notions 
f  ^Matter.  If  we  look  at  matter  as  pictured  by  Democri- 
;,  and  as  defined  for  generations  in  our  ecientific  text- 
oks,  the  notion  of  conscious  life  coming  out  of  it,  cannot 
formed  by  the  mind.  The  argument  placed  in  the  mouth 
Bishop  Butler  suffices,  in  my  opinion,  to  crush  all  such 
aterialism  as  this.  Those,  however,  who  framed  these 
iehnitions  of  matter  were  but  partial  students.  They  were 
not  biologists,  but  mathematicians,  whose  labours  referred 
only  to  such  accidents  and  properties  of  matter  as  could  be 
expressed  in  their  fonnulff-.     Their  science  was  mechanical 

Rcience,  not   the  science   of  life.      With   matter   in   its 
rholeness  they  never  dealt ;  and,  denuded  by  their  imper- 
Bct  definitions,  '  the  gentle   mother  of  all '  became  the 
bject  of  her  children's  dread.      Let  us  reverentl}',  but 
honestly,  look  the  (juestion  in  the  face.     Divorced  from 
^■piatter,  where  is  life  ?     Whatever  our  /with  may  say,  our 
^^nmvledfje  shows  them  to  be  indissolubly  joined.     Every 
meal   we   eat,  and   every  cup    we  drink,  illustrates   the 

IysteriouB  control  of  Sliud  by  Matter. 
On  ti-acing  the  line  of  life  backwards,  we  see  it  aij- 


THE   BELFAST   ADDRESS. 


L 


ibat  evidence  considered  perfectly  conclusive  by  many  has 
been  adduced  ;  and  that  were  some  of  us  who  have  pon- 
dered til  is  (juestiou  to  folluw  a  very  common  example,  and 
accept  testimony  because  it  falls  in  with  our  belief,  we 
also  should  eiigerly  close  with  the  evidence  referred  to. 
But  there  is  in  the  true  man  of  science  a  desire  stronger 
than  the  wish  to  have  his  beliefs  upheld  ;  namely,  the 
desire  to  have  them  true.  And  this  stronger  wish  causes 
him  to  reject  the  most  plausible  support,  if  he  has  reason 
to  suspect  that  it  is  vitiated  by  error.  Those  to  whom  I 
refer  as  having  studied  this  question,  believing  the  evidence 
offered  in  favour  of  'spontaneous  generation '  to  be  thus 
vitiated,  cannot  accept  it.  They  know  full  well  that  the 
chemist  now  prepares  from  inorganic  matter  a  vast  array 
of  substances,  wbiub  were  some  time  ago  regarded  as  the 
Bole  products  of  vitality.  They  are  intimately  acquainted 
with  the  structural  power  of  msttter,  as  evidenced  in  the 
phenomena  of  crystallisation.  They  can  justify  scien- 
tifically tiieir  beiiff  in  its  pnteucy,  under  the  proper 
conditions,  to  produce  organisms,  liut,  in  reply  to  your 
question,  they  will  frankly  admit  their  inability  to  point 
to  any  satisfactory  experimental  proof  that  life  can  be  deve- 
loped, save  from  demonstrable  autecedeut  life.  As  already 
indicated,  they  draw  the  line  from  the  highest  orgjanisms 
through  lower  ones  down  to  the-  lowest,  and  it  is  the  pro- 
longation of  this  line  by  the  intellect,  beyond  the  range 
of  the  senses,  that  leads  them  to  the  cuuclusion  whicli 
Bruno  so  boldly  enunciated.' 

The  '  materialism '  here  professed  may  be  vastly  dif- 
ferent from  what  you  suppose,  and  I  therefore  crave  your 
gracious  patience  to  the  end.  '  The  question  of  an 
external  world,'  says  J.  S.  INIill,  'is  the  great  battle- 
groimd  of  metaphysics.'  *     Mr.  Mill  himself  reduces  ex- 

'  Bruno  wii»  a  '  P»ntheitt,'  not  an  '  Atheist'  or  a  ' Mnterittliit.' 
*  '  Exuminntion  of  Uumiltou,'  p.  164. 
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ternal  phenomena  to  '  possibilities  of  eensation.'  Kia 
we  have  seen,  made  time  and  space  '  forms'  of  our  owi 
tuitions.  Fichte,  having  first  by  the  inexorable  log 
his  understanding  proved  himself  to  1*  a  mere  lin 
that  chain  of  etenial  causation  which  holds  go  rigidl 
natiu-e,  violently  broke  the  chain  by  mAkia^  uaturf, 
all  that  it  inherits,  an  apparition  of  the  mind.'  And 
by  no  means  easy  to  combat  such  notions.  For  when 
I  see  you,  and  tliat  I  have  not  the  least  doubt  about  it 
obvious  reply  is,  that  what  I  am  really  conscious  of  i 
aiJection  of  my  own  retina.  And  if  I  urge  that  l 
check  my  sight  of  you  V)y  tj^ucbing  you,  the  retort  w 
be  that  I  am  equally  transgressing  the  limits  of  fact, 
what  I  am  really  conscious  of  is,  not  that  you  are  l 
but  that  the  nerves  of  my  hand  have  undergone  u  chi 
All  we  hear,  and  see,  and  touch,  and  taste,  and  smell. 
it  would  1)6  urged,  mere  variations  of  our  own  condi 
beyond  which,  even  to  the  extent  of  a  hairs  bn 
cannot  go.  That  anything  answering  to  oiur  im 
exists  outside  of  ourselves  is  not  a  fact^  but  an  i 
to  which  all  validity  would  be  denied  by  an  idi 
Berkeley,  or  by  a  sceptic  like  Hiuue.  Mr.  Spen 
another  line.  With  him,  as  with  the  uneduca 
there  is  no  doubt  or  question  as  to  the  existence  of  fl 
ternal  world.  But  he  differs  from  the  uneducated 
think  that  the  world  really  is  what  consciousness  repn 
it  to  l>e.  Our  states  of  consciousness  are  mere  sifmh. 
an  outside  entity  which  produces  them  and  determine 
order  of  their  succ<?8i.ion,  but  the  real  nntiu^e  of  whi< 
can  never  know.*     In  fact,  the  whole  process  of  evolut 


■  '  BeBtimmaiig  Ats  Mensohcn.'  ^| 

'  In  «  pnpcr.  nt  once  popiilnr  nnd  profminil,  entillcJ  '  Rm-ent  ft 

in  tliii  Theory  of  Vif-ion,'  contnincd  in  the  voUime  of  l«ctuiV9  bv  il«t« 

puLlisbcd  ity  Longni.ins,  this  svMil«liBm  of  our  $tjitt<ii  of  cnnvcit 

ulco  dwelt  upon.     The  iniprcseioDc  of  Bonne  nrf  iliu  mere  liqiu  i 
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manifestation  of  a  Power  absolutely  inscrutable  to  the 
ellect  of  man.  As  little  in  our  day  as  in  the  days  of 
3  can  man  by  searching  find  tliis  Power  out.  Con- 
ered  fiindameutally,  then,  it  is  by  the  operation  of  an 
loluble  myjitery  that  life  on  earth  is  evolved,  species 
Ferentiated,  and  mind  unfolded  from  tlieir  prepott-nt 
iments  in  the  immeasurable  past.  There  is,  you  will 
serve,  no  very  rank  mat-erialism  here. 

The  strength  of  tlie  doctrine  of  evolution  consists,  not 
an  experimental  demonstration  (for  the  eubject  is  hardly 
oessible  to  ihis  mode  of  proof),  but  in  its  general 
utnony  with  scientific  thought.  From  contrast,  more- 
'er,  it  derives  enormous  relative  strength.  On  the  one 
ie  we  have  a  theory  (if  it  could  with  any  propriety  be 

called)  derived,  as  were  the  theories  referred  to  at  the 
(ginning  of  this  Address,  not  from  the  study  of  nature, 
it  from  the  observation  of  men — a  theory  which  converts 
e  Power  whose  garment  is  seen  in  the  visible  universe 
to  an  Artificer,  fashioned  aft*r  the  human  model,  and 
iting  by  broken  efforts  as  man  is  seen  to  act.  On  tlie 
her  side  we  have  the  conception  that  all  we  see  around 
;,  and  all  we  feel  within  us — the  phenomena  of  physical 
iture  as  well  as  those  of  the  human  mind — have  their 
jsearcliable  roots  in  a  cosmical  life,  if  I  dare  apply  the 
rm,  an  infinitesimal  span  of  which  is  offered  to  the  in- 
stigation of  man.     And  even  this  span  is  only  knowable 

ioga.  In  tliiH  pnpcT  Ilclmhfdtz  contends  strongly  ngainst  the  rievt  Ihat 
e  connciousni'Hs  of  spnce  is  inliorn ;  nntl  he  pridcntly  doubts  tbe  power  of 
e  chick  to  pick  up  gniiiis  of  corn  without  preliminary  lessons.  On  this 
int.  lie  snye,  further  cxperimenlii  are  needed.  Such  experiments  Imve 
«n  since  made  by  Mr.  Spalding,  aided,  1  bolievo.  in  oome  of  his  obscrva- 
>DB  by  llie  accnmpUslitd  and  deeply  lamented  Lady  Amlierly  ;  and  they 
BTO  t<i  prove  conclusively  tliat  the  chick  does  not  neeil  n  single  momunt'e 
ition  to  enable  it  to  staud.  run.  govern  the  muscles  of  its  eyes,  and  peek, 
slmholtz,  however,  is  contending  against  the  notion  of  pre-established 
iroiony ;  and  I  am  not  aware  of  his  views  as  to  the  orgnnisilion  nf  ex- 
irieoces  of  race  oi  breed. 
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Wie  OB  base  the  developmeot  of  a  nei 

with  it  the  parallel  phenomenal 
We  see  with  imdoabtiiig  cei 
liat  tkcT  g»  haad  m  hand.  Bat  we  tiy  to  aoar 
ncaa^  theBfaHMBt  we  Kek  to  oomprefaeod  tlie  coimpctil 
hatwwa  tkoB.  Ab  Archimedeaa  fnlcrum  is  here  reqmrai 
■hiill  the htaan  mind  cannot  command ;  and  the 
to  satw  the  profalem — to  homnr  a  oompari$on  from 
ShitaMiB  friend  of  mine — is  like  the  effort  of  a  ni 
trying  to  Kfl  hfma^lf  bj  his  own  waistband.  All  that  hai 
WonaaidiBthiadiaeottEwiato  he  taksn  in  eonnection  with 
tlnafandBiBfeBtaltrath.  When  *naaeent  senees' are  spoken 
«C^  when  *  the  diftrmtiaKnii  of  a  tissue  at  first  v^gudy 
•MMtive  aU  over*  it  spokn  of^  and  when  theM  prooecM 
•rs  ■wnrirtad  with  *  the  nMidificatioiB  of  an  organism  bj 
ita  eBTiixHuneot,'  the  Mme  paralMism,  without  contact, 
ur  even  approach  to  oootact,  b  implied.  Man  the 
cbfoel  ia  separated  by  an  inpaaMbfa  gulf  from  man  th* 
tmbfxL  These  is  no  motor  enetgy  in  the  human  intellect 
to  cany  it,  without  logical  rupture,  from  the  one  to  the 
other. 

Further,  the  doctrine  of  evolution  derives  man,  in  his 
totality,  &om  the  interaction  of  organism  and  enxiromneot 
thnxi^  countleas  ages  past.  The  Human  Understanding, 
for  example, — that  faaJttj  which  Mr.  Spencer  has  ti 
ao  skilfully  round  npoo  its  own  antecedents — is  ii 
result  of  the  play  betwe^i  Mganism  and  environmi 
through  cosmic  ranges  of  time.  Xever,  surely,  did 
seiiption  plead  so  irresistible  a  claim.  But  then  it  coi 
to  pass  that,  over  and  above  his  understanding,  there 
■any  other  things  appertaining  to  man,  wfao$e  prescriptive 
tifthts  are  quite  as  strong  as  those  of  the  understanding 
ttewif.  It  is  a  result,  for  example,  of  the  play  nf  organism 
tod  environment  that  sugar  is  ^weet,  and  that  aloes  are 
liltar :  th:it  the  smell  of  henbane  differs  &om  the  perfume 
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t"  a  rose.     Such  facts  of  conscioiwness  (for  which,  by  the 
By,  uo  adequate  reason  has  ever  been  rendered)  are  quite 
old  as  the  imderstanding;  and   many    other    things 
^s»n  boast  an  equally  ancient  orifjin.     Mr.  .Spencer  at  one 
l*lac'e  refers  to  that  must  powerful  of  passions — the  amatory 
1>assion — as  one  which,  when  it  first  occurs,  is  antecedent 
^o  all  relative  experience  whatever  ;  and  we  may  pass  its 
claim  as  being  at  least  as  ancient,  and  as  valid,  as  that  of 
tbe  understanding  itself.    Then  there  are  sueii  things  woven 
into  the  texture  of  man  as  the  feeling  of  Awe,  Reverence, 
^"onder — and  not  alone  t  he  sexual  love  jupit  referred  to,  but 
the  love  of  the  beautifid,  physical,  and  moral,  in  Xuture, 
Poetry,  and   Art.      There  is  also  that   deep-set  feeling, 
vhich,  since   the  earliest  dawn  of  history,  and  ])n>lrably 
for   ages  prior  to   all  history,    incorporated   itself  in   the 
Keligions  of  the  world.    You,  who  have  escaped  from  these 
religions  into  the  high-and-dry  light  of  the  intellect,  may 
deride  them  ;  but  in  so  doing  you  deride  accidents  of  form 
merely,  and  fail  to  touch   the  immovable  basis  of  the  re- 
ligious sentiment  in  the  nature  of  man.     To  yield  this 
sentiment  reasonable  satisfaction  is  the  problem  of  problems 
at  the  present  hour.     And  grotesfjue  in  relation  to  scien- 
tific culture  as  many  of  the  religions  of  the  world  have  been 
and  are — dangerous,  nay,  destructive,  to  ^he  dearest  pri- 
vileges  of  freemen  as  some  of  them   imdoubiedl^'    have 
been,  and  would,  if  they  could,  be  again — it  will  be  wise. 
to  recognise  them  as  the  forms  of  a  force,  mischievous  if 
permitted  to  intrude  on  the  region   of  objective   knoiv- 
ledije,  over  which   it  holds  no  command,  but  capable  of 
adding,  in  the  region  of  poetry  and  emotion,  inward  com- 
pleteness and  dignity  to  man. 

Feeling,  I  say  again,  dates  from  as  old  an  origin  and 
as  high  a  source  as  intelligence,  and  it  equally  demands 
its  range  of  play.  Tiie  wise  teacher  of  humanity  will  re- 
cognise the  necessity  of  meeting  this  demand,  rather  than 
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talicj  demands.  And  if  roi^li  «alb  and  protruding  rafter- 
ends  indicate  that  un  one  ride  the  edifioe  is  still  incomplete^ 
it  is  onlj  br  wiae  combination  of  the  parts  required,  with 
thmti  afaca^  ifreroeablj  built,  tint  we  can  hope  for  oora*! 
jtMwi^*"-  Theic  is  noneeeaaij  laawgnntT  between  what 
baa  been  aeoompUsbed  and  what  ronains  to  be  done.  The 
■Mcaiglaw  of  Socsates,  which  we  all  feel  br  ignition,  haaia 
it  Dathing  incompatible  with  the  phmcs  of  Anazagons 
iridch  he  so  much  aoomed,  bat  which  be  would  hardlj 
aeam  to-daj.  And  bete  I  am  leminded  of  one  »»»Mif^  gg, 
boaiy,  bat  still  strong,  wfaoae  ptophet-roioesoute  thirt  j  rcan 
ago,  fiir  aaore  than  any  other  of  thU  age,  unlocked  whaterer 
of  life  and  nobleness  laj  latent  in  it6  moet  gifted  mind*— 
one  fit  to  stand  beaide  Soerates  or  the  Maceabean  Eleazar, 
and  to  dan  and  aaflTer  all  that  thej  snSered  and  dared— 
fit,  as  he  once  said  of  Fiebte,  *  to  have  been  the  teacher 
the  Stoa,  and  to  have  dtaeooiwd  of  Beautj  and  Virtue  in 
the  groves  of  Academe.*  With  a  capacity  to  grasp  pbjsii 
priotfipltis  which  his  friend  Goethe  did  not  poeseas, 
which  eren  total  li«:k  of  exercise  has  not  been  able  to  re- 
duce to  atrophj,  it  is  the  world's  loss  that  he,  in  the  vigour 
of  his  years,  did  not  open  his  mind  and  eympathiea  to  sciencer' 
and  make  its  coocluaioas  a  portion  of  his  message  to  mai)- 
kind.  ^lanellously  endowed  as  be  was — equally  e(]uippe<I 
on  the  side  of  the  Heart  anii  of  the  Understandins — li<^ 
might  have  done  much  towards  teaching  us  bow  to  recon- 
cile the  claims  of  both,  and  to  enable  them  in  coming 
times  to  dwell  together,  in  unity  of  spirit  and  in  the  bond 
of  peace. 

And  now  the  end  i*  come.  With  more  time,  or  greater 
strength  and  knowledge,  what  has  been  here  said  might 
have  been  better  said,  while  worthy  matters,  here  omitted, 
might  have  received  fit  ej^pression.  But  there  would  have 
LeeQ  no  material  deviation  from  the  views  set  forth.  Ab 
regards  myself,  they  are  not  the  growth  of  a  day ;  and  M 
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.1.  Tliis  was  the  case  among  the  ancients,  and  it  has 
Bn  90  amongst  ourselves.  Mayer,  Joule,  and  Colding, 
lOse  names  are  associated  with  the  greatest  of  modem 
eralisations,  were  thus  influenced.  With  his  usual  in- 
itht,  Lange  at  one  place  remarks,  that  '  it  is  not  always 
objectively  correct  and  intelligible  that  helps  man 
t,  or  leads  most  quickly  to  the  fullest  and  truest  know- 
As  the  sliding  body  upon  the  brachystochrone 
8  its  end  sooner  than  by  the  straighter  road  of  the 
ined  plane,  so,  through  the  swing  of  the  ideal,  we 
n  arrive  at  the  naked  truth  more  rapidly  than  by  the 
irect  processes  of  the  understanding.'  Whewell  speaks 
of  enthusiasm  of  temper  as  a  hindrance  to  science  ;  but 
he  means  the  enthusiasm  of  weak  heads.  There  is  a 
strong  and  resolute  enthusiasm  in  which  science  finds 
an  ally ;  and  it  is  to  the  lowering  of  this  tire,  rather 
than  to  the  diminution  of  intellectual  insight,  that  the 
lessening  productiveness  of  men  of  science,  in  their 
mature  years,  is  to  be  ascribed.  Mr.  Buckle  sought  to 
detach  intellectual  achiSvement  from  moral  force.  He 
gravely  erred ;  for  without  moral  force  to  whip  it  into 
action,  the  achievement  of  the  intellect  wotdd  be  poor 
^deed. 

^B    It  has  been  said  by  its  opponents  that  science  divorces 
itself  from  literature ;  but   the  statement,  like  so  many 
others,  arises  from  lack  of  knowledge.    A  glance  at  the  less 
technical  writings  of  its  leaders — of  its  Helmholtz,it8  Hux- 
ley, and  its  Du  Hois-Reymond — would  show  what  breadth  of 
jJiterary  culture  they  command.     Where  among  modern 
putters  can  you  find  tlieir  superiors  in  clearness  and  vigour 
of  literary  style  ?     Science  desires  not  isolation,  but  freely 
combines  with  every  effort  towards  the  bettering  of  man's 
estate.    Single-handed,  and  supptirted  not  by  outward  sym- 
pathy, but  by  inward  force,  it  has  built  at  least  one  great 
wing  of  the  many-mansioned  home  which  man  in  hia  ta- 
il u  'l 
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supplementary — not  mutually  exclusive,  but  rceoociliik 
And  if,  unsatisfied  with  thera  all,  the  human  mind,  wi<k 
the  yearning  of  a  pilgrim  for  Ma  distant  home,  will  still 
turn  to  the  Mystery  from  which  it  has  emerged,  setkiaf 
8o  to  fashion  it  a»  to  give  unity  to  thought  and  faith :  ss 
long  as  this  is  done,  not  only  without  intolerance  or  bigijtff 
of  any   kind,  but  with  the  enlightened  recognition  that 
idtimate  fixity  of  conception  ia  here    unattainahle,  aad 
that  each  succeeding  age  must  l>e  held  free  Ut  f:ut|uoii  the 
mystery  in  accordance  with  its  own  needs — ^tUen,  cattii^ 
aside  all  the  restrictions  of  Materialism,  1  woidd  afllrmj 
this  to  1)6  a  field  for  the  noblest  exercise  of  what,  in  cot- I 
trast  with  the  knmving  faculties,  may  be  called  the  ewaftuM 
faculties  of  man.     Here,  however,  I  to\ich  a  theme  tc* 
great  for  me  to  handle,  but  which  will  assuredly  be  handledi 
by  the  loftiest  rainda,  when  yoa  and  I,  like   streaks  of 
morning  cloud,  shall  have  melted  into  the  infinite  azure  of 
tlie  past. 


Prefatory  Revuirks. 
I. 


At  the  request  of  my  Publishei*s,  strengthened  by  tlM 
erpressed  desire  of  many  Correspondents,  I  reprint,  witl 
a  few  slight  alterations,  this  Address. 

It  was  written  under  some  disad^'antages  thia  year  ii 
the  Alps,  and  sent  by  instalments  to  the  printer.  Wha 
read  subsequently  it  proved  too  long  for  its  purpose,  an< 
several  of  its  passages  were  accordingly  struck  out.  Son* 
of  them  are  here  restored. 

It  has  provoked  an  unexpected  amount  of  critidsio 
This,  in  due  time,  will  subside ;  and  I  confidently  lod 


PREFACE   TO   THE    BELFAST   ADDRESS. 


6.36 


rward  to  a  calmer  future  for  a  verdict,  founded  not  on 
laginary  sins,  but  on  the  real  facts  of  ttie  case. 

Of  the  numberless  strictures  and  accusations!,  some  of 
liem  exceeding  fierce,  of  which  I  have  been,  and  continue 
be,  the  object,  I  refrain  from  speaking  at  any  length. 
to  one  or  two  of  them,  however,  out  of  respect  for  their 
rces,  I  would  ask  permission  briefly  to  refer. 
An  evening  paper  of  the  first  rank,'  after  the  ascription 
I  me  of  various  more  or  less  questionable  aims  and  motives, 
ceeds  to  the  imputation,  that  I  permitted  the  cheers 
my  audience  to  '  stimulate '  me  to  the  utterance  of 
>ords  which  no  right-minded  man,  without  a  sense  of  the 
ivest  responsibility,  could  employ.     I  trust  the  author 
this  charge  will  allow  me  in  all  courtesy  to  assure  him 
iat  the  words  ascribed  by  him  to  the  spiur  of  the  moment 
rere   written   in   Switzerland ;   that   they   stood  in  the 
rinted  copy  of  the  Address  from  which  I  read,  and  were 
the  hands  of  various  Ijondou  editors  some  days  previous 
the   reading ;    that   they  evoked    no   '  cheers,'   but  a 
lence  far  more  impressive  than  cheers ;  and  that,  finally, 
regards  both  approbation  and  the  reverse,  my  course 
id  been  thought  over,  and  decided,  long  before  I  ventured 
address  a  Belfast  audience. 
A   writer  in  an  able   theological  journal   represents 
me  as  '  patting  religion  on  the  back,' '     The  thought  of 
doing   so   is   certainly  his,  not   mine.     The  facts  of  re- 
ligious feeling  are  to  me  as  certain  as  the  facts  of  physics. 
But  the  world,  I  hold,  will  have  to  distingiush  between 
the  feeling  and  its  forms,  and  to  vary  the  latter  in  accord- 
ance with  the  intellectual  condition  of  the  age. 

I  am  unwilling  to  dwell  upon  statements  ascribed  to 


I      whi 


»  The  '  Pall  Mall  Gawtte." 

•  The  same  journal  was  good  oriougli  to  spoak  with  opjiMvuI  of  my 
nddress  on  the  '  SoietiUflc  Vae  of  the  Imnginiitiou,'  Ihe  '  luftteriuliom '  of 
which  18  quite  as  pronounced  ns  that  of  the  '  Belfast  Addreu.' 
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jHBfiiMnfc  mea,  which  maj  be  imperfiEetly  report<Hl  in  the 
qw9|iB|KTS,  sad  I  therefore  pass  orer  a  recent  sermcn 
attriboted  to  the  Biihoip  of  Maaebester  with  th«  reeoark 
■(hat  one  engaged  so  orach  as  be  is  in  bosy  and,  I  doub 
fwat  <m  the  whole,  bene6oent  ootwaid  life,  Ls  not  likelj 
he  amoas  th«  eailiest  to  diseeni  the  more  inward  and 
uqpintaal  fiigas  of  the  times,  or  to  prepare  for  the  oooditJon 
rsliieh  th^  fbrwhadow. 

Id  a  recent  speech  at  I>ewsburT,  the  T>ean  of  Manebe»- 
Lter  is  repotted  to  hare  expraaed  hiimelf  thus :  *  The  Pm- 
llesBor  [myself]  ended  a  moot  remarkable  and  dnqneot 
lifieech   by  terming  himawlf  a   material    Atheist.'      M; 
atteatioa  waa  drawn  to  Dean  Cowie's  statement   by  a 
■  wmespuodeant,  who  described  it  as  standing  *  oon^eooos 
P«moag  the  strange  calomnies '  with  which  my  words  haie 
been  assailed.      For  myself  I  use  no  language   which 
Lcoold  imply  that  I  am  hart  by  sodi  attacks.     They  Lavf^ 
ibai  tbeir  power  to  woond  or  injorew    So  likewise  as  re- 
Igaida  a  reaelation  recently  passed  by  the  Pre:sbvtery  of 
tB<*Haat,  in  wbidi  Pnfesaor  Hoxley  and  myself  are  spoken 
r«f  as  '  ^snoring  the  ezjatence  of  God,  and  advocating  pore 
and   simple   materialism ; '  had   the  poaaeesire   pronmio 
*  oar '  preceded  *  Gt>d,*  and  had  the  words  *  what  we  con- 
sider '  preceded  '  pnre,'  this  statement  woald  have  been 
objectively  trae ;  but  to  make  it  so  this  qualification  is 
t  required. 

Cardinal  Cnllen,  I  am  told,  is  also  actively  engaged  in 
erecting  spiritual  barriers  against  the  intrusion  ot  '  In6- 
delity '  into  Ireland.  His  Eminence,  I  betiere,  has  reason 
Lto  suspect  that  the  Catbolie  youth  around  him  are  not 
r|>n)of  to  the  aednetions  of  seienoe.  Strong  as  he  tsi,  I 
believe  him  to  be  impotent  here.  The  youth  of  Ireland 
will  imbibe  science,  however  slowly ;  they  will  be  leavene^i 
by  it,  however  gradually.     And  to  its  inward  modifring 
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er  among  Catholics  themselves,  rather  than  to  any 
otestant  propagandism,  or  other  external  influence,  I 
k  for  the  abatement  of  various  ineongpruities!,  conspicu- 
ous among  which  stand  those  raediffival  proceedings  which, 
to  the  scandal  and  amazement  of  oar  nineteenth  century 
intelligence,  have  been  revived  among  us  during  the  last 
two  years. 
}  In  connection  with  the  charge  of  Atheism,  I  would 
make  one  remark.  Cliristian  men  are  proved  hy  their 
writings  to  have  their  hours  of  weakness  and  of  douht,  as 
well  as  their  hours  of  strength  and  of  conviction  ;  and 
men  like  myself  share,  in  their  own  way,  these  variations 
of  mood  and  tense.  Were  the  religious  moods  of  many  of 
my  assailants  the  only  alternative  ones,  I  do  not  know 
bow  strong  the  claims  of  the  doctrine  of  '  Material  Athe- 
ism '  upon  my  allegiance  might  be.  Probably  they  would 
be  very  strong.  But,  as  it  is,  I  have  noticed  during  years 
of  self-observation  that  it  is  not  in  hours  of  clearness  and 
vigour  that  this  doctrine  comrnends  itself  to  my  mind; 
that  in  the  presence  of  stronger  and  healthier  thought  it 
ever  dissolves  and  disappears,  as  offering  no  solution  of 
the  mystery  in  which  we  dwell,  and  of  wliich  we  form  a 
part. 

To  coarser  attacks  and  denunciations  I  pay  do  atten- 
tion; nor  have  I  any  real  reason  to  complain  of  revilings 
addressed  to  me,  which  professing  Christians,  as  could 
readily  be  proved,  do  not  scruple  to  use  towards  each 
other."    The  more  agreeable  task  remains  to  me  of  thank- 

'  I  hud  sonic  nolion  of  cjmpiring  at  this  pliioc  tlie  nnienitics  of  Chris- 
tinn  men  towards  wich  other,  with  those  of  the  Christian  towitrdii  the 'infidel.' 
I  refmin  from  doins:  bo,  simply  bewiuse  tho  snmpleti  before  me,  on  both 
sides  (I  SH3'  it  with  delibemtion),  nro  too  brutal  to  be  repentiKl.  Uivp  me, 
for  my  part,  a  resigned  and  dignitiod  uthi-ism,  nither  than  a  theism  with 
an  outcome  such  as  this.     It  would,   however,  be  unjust  to  take  these 
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Xaxs   advaatip  of  a 
to  add  s  few 


Ihaa  beea  fireqaetly  iiffWfi  of  lale 
op  agaiaat  BtTseif  a  koal  «f 
^,  witli  fev  I  niij^iWM,  Uke  defiicoDaeea  of  Ute 
Itan,az>d  xiKM«  partiealarij  of  the  Tt^gtaaa  PMbi,!  tm 
itieed  to  admit  tint  the  «*~*^-*^  ii  oalr  toe  tne. 
1  Anire  aoaae  coafiBt,  nevathdeis  froot  the  reflectiaa 
of  Diogenes,  *»—— «***■!  ♦■■».»  w  Wid^i.fc  that  *he  whd 
wooU  be  BiedBHthafegaad&iiadkarTiokat  enmiiea; 
and  thai  be  is  beat  off  win  pooBeaao  both."  Thts*b,st' 
CModitkn,  I  have  it  wan  to  bdiere,  is  mine. 
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Reflecting  on  the  fractioa  I  liave  read  of  recent  re- 
;onstrances,  appeals,  menaces,  and  judgments — covering 
t  only  the  world  that  now  is,  but  that  which  is  to 
ine — I  Lave  noticed  with  mcmrnfnl  interest  how  trivially 
en  seem  to  be  influenced  by  what  they  call  their  religion, 
d  how  potently  by  that  '  nature '  which  it  is  the  alleged 
evince  of  religion  to  eradicate  or  subdue.  From  fair 
d  manly  argument,  from  the  tenderest  and  holiest 
sympathy  on  the  part  of  those  who  desire  my  eternal 
good,  I  pass  by  many  gradations,  through  deliberate  im- 
fairness,  to  a  spirit  of  bitterness  which  desires  with  a 
fervoiu-  inexpressible  in  words  my  eternal  ill.  Now,  were 
religion  the  potent  factor,  we  might  expect  a  homogeneous 
utterance  from  those  professing  a  common  creed,  while,  if 
human  nature  be  the  really  potent  factor,  we  may  expect 
utterances  as  heterogeneous  as  the  characters  of  men.  As 
a  matter  of  feet  we  have  the  latter ;  suggesting  to  my 
mind  that  the  common  religion,  professed  and  defended 
by  these  different  people,  is  merely  the  accidental  conduit 
through  which  they  pour  their  own  tempers,  lofty  or  low, 
urteous  or  vulgar,  mild  or  ferocious,  as  the  case  may 
Pure  abuse,  however,  as  serving  no  good  end,  I  have, 
wherever  possible,  deliberately  avoided  reading,  wishing, 
indeed,  to  keep,  not  only  hatred,  malice,  imcharitaljle- 
ness,  but  even  every  trace  of  irritation,  far  away  from 
my  side  of  a  discussion,  which  demands  not  only  good 
temper,  but  largeness,  clearness,  and  many-sidedness  of 
mind,  if  it  is  to  guide  us  even  to  provisional  solutions. 

At  an  early  stage  of  the  controversy,  a  distinguished 
Professor  of  the  University  of  Cambridge  was  understood 
to  argue — and  his  argument  was  caught  up  with  amusing 
eagerness  by  a  portion  of  the  religious  Press— that  my 
ignorance  of  mathematics  renders  me  incompetent  to 
speculate  on  the  proximate  origin  of  life.  Had  I  thought 
bis  argument  relevant,  my  reply  would  have  been  simple ; 
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for  tefore  me  lies  a  printed  doc^ 
two  years  old,  bearing  tlio  signi 
Professor,  in  which  he  was  good 
am  '  well  versed  in  pure  matliel 
It  has  heen  stated,  with  ma 
comment,  that  in  the  Addresi 
Longman  I  have  retracted  opia 
Roman  Catholic  writer  is  speci( 
Startled  hy  the  deep  chorus  of 
fallacies  have  evoked,  I  am  no^ 
ho  will  hy  no  means  tolerate. 
to  hide  from  the  eyes  of  mankiq 
deformity.  Professor  Tyndall 
where  this  Address  of  hia  was 
among  the  glaciers  and  the  sol 
tains.  It  was  no  hasty,  hun: 
every  sentence  bore  marks  of  tl 
My  critic  intends  to  be  sevi 
the  '  solitudes '  to  which  he  ref 
tion ;  endeavouring  even  to  p 
ciplines  similar  to  those  enjoin 
the  sanetification  of  the  soul. 
ponderings  to  realise  not  oiil 
pedient ;  and  to  permit  no  feai 
that  of  uttering  a  single  word 
my  stand,  either  in  this  or  in  t 
Still  my  time  was  so  brief, 
and  expression  so  slow,  that,  ii 
I  halted,  not  only  behind  tl 
possible.  Hence,  after  the  deli 
over  it  with  the  desire,  not  t< 
to  improve  it  verbally,  and  abc 
which  might  give  colour  to  the 
In  holding  up  as  a  warning  to 
errors  and  follies  of  the  dene 
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lion  to  compare  the  intellectual  propaj^ation  of  Buch 

Shotmcers  to  that  of  thistle-germs :  the  espression  was 

ought  offensive,  and  I  omitted  it.     It  i»  still  omitted 

cm  the  Address.     There  was  also  another  passage,  whioh 

an  thus  :  '  It  is  vain  to  oppose  this  force  [of  religion]  with 

view  to  its  extirjjation.     What  we  should  oppose,  to  the 

death   if  necessary,  is  every  attempt  to  found  upon  ihis 

elemental  bias  of  man's  nature,  a  system  which  should 

'exercise  despotic  sway  over  his  intellect.     I  do  not  fear 

&ny  such  coDsiunmation.     Science  has  already  to   some 

extent  leavened  the  world,  and  it  wiU  leaven  it  more  and 

more.     I    should    look    upon    the   mild  light   of   science 

"breaking  in  upon  the  minds  of  the  youth  of  Ireland,  and 

Btreugthening  gradually  to  the  perfect  day,  as  a  surer 

check  to  any  intellectual  or  spiritual  tyranny  which  might 

threaten  this  island,  than  chelaws  of  princes  or  the  swords 

of  emperors.     Where  is  the  cause  of  fear  ?     We  fought 

and  won  our  battle  even  in  the  Middle  Ages ;  why  should 

■We  doubt  the  issue  of  a  conflict  now  ?' 

This  passage  also  was  deemed  imnecessarily  warm,  and 
I  therefore  omitted  it.  I  fear  it  was  an  act  of  weakness 
on  my  part  to  do  so.  P\)r,  considering  the  aims  and  acts 
of  that  renowned  organisation,  which  for  the  time  being 
■wields  the  entire  power  of  my  critic's  Church,  not  only 
resistance  to  its  further  progress,  but,  were  it  not  for  the 
intelligence  of  Komau  Catholic  laymen,  positive  restriction 
of  its  present  power  for  evil,  might  well  become  tlie 
necessary  attitude  of  society  as  regards  that  organisation. 
With  some  slight  verbal  alterations,  therefore,  which  do 
not  impair  its  strength,  the  passage  has  been  restored. 

My  critic  is  very  hard  upon  the  avowal  in  my  Preface 
retmrding  Atheism.  Rut  I  franklv  confess  that  his  honest 
hardness  and  hostility  are  to  me  preferable  to  the  milder 
but  more  unfair  treatment  which  the  passage  has  received 
firom  members  of  other  Churches.     He  quotes  the  para- 
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graph,  ami  goes  on  to  say :  '  We  repeat  this  is  a  most 
remarkable  passage.  Much  as  we  dislike  seasoning 
polemics  with  strong  words,  we  assert  that  this  Apology 
only  tends  to  aflBx  with  links  of  steel  to  the  name  of 
Professor  T^Tidall,  the  dread  imputation  against  wljich  be 
struggles.' 

Here  we  have  a  very  fair  example  of  subjective  re- 
ligious vigotu".     But  ray  quarrel  with  such  exhibitions  is 
that  they   do  not  always    represent  objective   fact.     Xo 
atheistic  reasoning  can,  I   hold,  dislodge  religion   from 
the  heart  of  man.     Logic  cannot  deprive  tis  of  life,  and 
religion  is  life  to  the  religious.     As  an  experience  of  con- 
sciousness it  is  perfectly  beyond  the  assaults  of  logic.   But 
the  religious  life  is  often  projected  in  external  forms— 
I  use  the  word  in  its  widest  sense — and  this  emb<idimeni 
of  the  religious   sentiment  will  have  to  bear  more  and 
more,  as  the  world  becomes. more  enlightened,  the  sti 
of  scientific  tests.     We  must  be  careful  of  projecting  ini 
external  nature  that  which  belongs   to   ourselves.     My 
critic  commits  this  mistake :  he  feels,  and  takes  delight 
in  feeling,  that  I  am  struggling,  and  he  obviously  ex^J 
periences  tl>o  most  exquisite  pleasures  of  '  the  mu.-icula^l 
sense'  in  holding  me  down.     His  feelings  are  as  real,  as 
if  his  imagination  of  what  mine  are  were  equally  real. 
His  picture  of  my  '  struggles '  is,  however,  a  mere  delusion,^ 
I  do  not  struggle.     I  do  not  fear  the  charge  of  AtheismH 
nor  should  I  even  disavow  it,  in  reference  to  any  definition 
of  the  Supreme  which  he,  or  his  order,  would  be  likely  to 
frame.     His  'links'  aud  his 'steel'  and  his  'dread  im- 
putations' are,  therefore,  even  more  unsubstantial  than 
my  '  streaks  of  morning  cloud,'  and  they  may  be  permitted 
to  vanish  together. 


int^^ 


.Soon  after  the  delivery  of  the  'Belfast  Address  'the  abl 
and  respected  Bishop  of  Manchester  did  me  the  honour 
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icing  it ;  and  in  reference  to  that  notice  a  brief  and,  I 
fust,  not  uncoiirteous  remark  was  introduced  into  my 
first  Preface,  Since  that  time  the  Bishop's  references  to 
me  have  been  very  frequent.  Assuredly  this  is  to  me  an 
unexpected  honour.  Still  a  doubt  may  fairly  be  enter- 
tained whether  this  incessant  speaking!;  before  public 
assemblies,  on  a  profoundly  emotional  subject,  does  not 
tend  to  disturb  that  equilibrium  of  head  and  hejirt  which 
it  is  always  so  desirable  to  presierve — whether,  by  givinjj 
an  injurious  predominance  to  the  feelings,  it  does  not 
tend  to  swathe  the  intellect  in  a  warm  haze,  thus  making 
the  perception,  and  consequent  rendering  of  facts,  in- 
definite, if  not  untrue.  It  was  to  the  Bishop  I  referred 
in  a  recent  brief  discourse  as  'an  able  and,  in  many 
respects,  a  courageous  man  running  to  and  fro  upon  the 
earth,  and  wringing  his  hands  over  the  threatened  loss 
of  his  ideals,'  It  is  doubtless  to  this  sorrowing  mood — 
this  partial  and,  I  trust,  temporary  overthrow  of  the 
judgment  by  the  emotions — that  I  must  ascrilie  a  pro- 
bably unconscious,  but  still  grave,  misrepresentation,  con- 
tained in  the  Bishop's  last  reference  to  me.  In  the 
'  Times  '  of  November  9  he  is  reported  to  have  expressed 
himself  thus :  '  In  his  lectiire  in  Manchester  Professor 
Tyndall  as  much  as  said  that  at  Belfast  be  was  not  in 
his  best  mood,  and  that  his  despondency  passed  away 
in  brighter  moments.'  Now,  considering  that  a  verbatim 
report  of  the  lecture  was  at  hand  in  the  '  Manchester 
Examiner,'  and  that  my  own  corrected  edition  of  it  was 
to  be  had  for  a  penny,  the  Bishop,  I  submit,  might 
have  afiforded  to  repeat  what  I  actually  said,  instead  of 
wliat  I  '  as  much  as  said,'  I  am  sorry  to  add  that  his 
rendering  of  my  words  is  a  vain  imagination  of  his  own. 
In  my  lecture  at  Mancliester  there  was  no  reference,  ex- 
pressed or  implied,  to  my  moods  in  Belfast. 

To  all  earnest  and  honest  minds  acquainted  with  the 
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paragraph  of  my  first  Preface,'  on  which  the  fore 
remark   of  Bisliop   Fiaser,  and  similar   remarks   of 
ecclesiastical  colleagues,  not  to  mention  those  of  less  i 
sponsiVtle  persons,  are  founded,  I  leave  the  decision  oft 
question,  whether  thu'ir  mode  of  presenting  this  paragrsil 
to  the  public  be  straightforward  or  the  reverse. 


t  1    ' 


These  minor  and  more  purely  personal  matters  at  an 
end,  tlte  weightier  allegation  remains,  that  at  Belfast  I 
misused  my  position  by  quitting  the  domain  of  seieui 
and  making  au  unjustifiable  raid  into  the  domain 
theology.  This  I  fail  to  see.  Laying  aside  abuse,  I  Lope 
my  accusers  will  consent  to  reason  with  me.  Is  it  not 
competent  for  a  scientific  man  to  speculate  on  the  ante- 
cedents of  the  solai-  system  ?  Did  Kant,  Laplace,  and 
William  Herschel  quit  their  legitimate  spheres,  when  tbey 
prolonged  the  intellectual  vision  beyond  the  Iwuudary  of 
experience,  and  propounded  the  nebular  theory  ? 
cepting  that  theory  as  probable,  is  it  not  permitted  to 
scientific  man  to  follow  up,  in  idea,  the  series  of  changes 
associated  with  the  condensation  of  the  nebula; ;  to  picture 
the  successive  detaL-bment  of  planets  and  moons,  and  the 
relation  of  all  of  them  to  the  sun  ?  If  I  look  upon  our 
earth,  with  its  orbital  revolution  and  axial  rot.ition. 
one  small  issue  of  the  process  which  made  the  solar  s\'8< 
what  it  is,  will  any  theologian  deny  my  right  to  ente: 
and  express  this  theoretic  view  ?  Time  was  when  a  m 
tude  of  theologians  would  be  found  to  do  so — when 
arch-enemy  of  science  which  now  vaunts  its  tolerance  would 
have  made  a  speedy  end  of  the  man  who  might  venture 
to  publish  any  opinion  of  the  kind.  IJut,  that  time,  unless 
the  world  is  caught  stxangely  slumbering,  is  for  ever  past. 

As  regards  inorganic  nature,  then,  we  may  traver 
without  let  or  hindiance,  the  whole  distance  which  separal 
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If  nebulse  from  the  worlds  of  to-day.  Biit  only  a  few 
ifs  ago  this  now  eonceded  ground  of  science  was  theo- 
jcal  ground.  I  could  hj  no  means  regard  this  as  the 
|1  and  sufficient  ooncessiou  of  theology ;  and,  at  Belfast, 
ilought  it  not  only  my  right  but  my  duty  to  state  that, 
regards  the  organic  world,  we  must  enjoy  the  freedom 
whidi  we  have  already  won  in  regiird  to  the  inorganic.  I 
roould  not  diseem  the  shred  of  a  title-^leed  which  gave  any 
I' man,  or  any  chiss  of  men,  tho  right  to  open  the  door  of 
/  one  of  these  worlds  to  the  scientitic  searcher,  and  to  close 
Kthe  other  against  him.  And  I  considered  it  frankest, 
I  wisest,  and  in  the  long  run  most  conducive  to  permanent 
i  peace,  to  indicate,  without  evasion  or  reserve,  the  groimd 
t  belongs  to  Science,  and  to  which  she  will  assuredly 
e  good  her  claim. 

Considering  the  freedom  allowed  to  all  manner  of 
ions  in  England,  siirely  this  was  no  oxtravagant 
tion  for  me  to  assiune.  I  have  been  reminded  that 
eminent  predecessor  of  mine  in  the  PresJidential  chair, 
expressed  a  totally  different  \iow  of  the  Cause  of  things 
from  that  enunciated  by  me.  In  doing  so  he  transgressed 
the  bounds  of  science  at  least  as  much  as  I  did  ;  but 
nobody  raised  an  outcry  against  him.  The  freedom  he 
took  I  claim.  And  looking  at  what  I  must  regard  as  the 
extravagances  of  the  religious  world  ;  at  the  very  inade- 
quate and  foolish  notions  concerning  this  imiverse,  which 
are  entertained  by  the  majority  of  onr  autliorised  religious 
teachers  ;  at  the  waste  of  energy  on  the  part  of  good  men 
over  things  unworthy,  if  I  might  say  it  without  discourtesy, 
of  the  attention  of  enlightened  heathens;  the  tight  about 
the  fripperies  of  Ritualism,  and  the  verbal  quibbles  of  the 
Athanasian  Creed ;  the  forcing  on  the  jiublic  view  of 
Pontigny  Pilgrimages  ;  the  dating  of  historic  epochs  from 
the  definition  of  the  Immaculate  Conception  ;  the  pro- 
clamation of  the  Divine  Glories  of  the  Sacred  Heart — 
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Btanding  in  the  midst  of  these  chimeras,  which  astutad 
all  thinking  men,  it  did  not  appear  to  me  extra'- 
claim  the  public  tolerance  for  an  hour  and  a  hal  . 
statement    of    more   reasonable    news ;    views  mon  ii 
accordance  with  the  veriLios  which  science  has  br 
light,   and   which  many   weary  souls  would,   I   ■—  ^ 
welcome  with  gratification  and  relief. 

But  to  come  to  closer  quarters.  The  expression  ts 
which  the  most  violent  exception  has  been  taken  is  thii: 
'  Aliand^ning  all  disguise,  the  confession  I  feel  bound  t» 
make  before  you  is,  that  I  prolong  the  vision  bockmrt 
across  the  boundary  of  the  experimental  evidi 
discern  in  that  Matter  wliich  we,  in  our  ignvt  J 

notwithstanding  our  professed  reverence  for  its  Crertoi 
have  hitherto  covered  with  opprobrium,  the  promise  an 
potency  of  every  form  and  quality  of  life.'     To  call  it  i 
'  chorus  of  dissent,'  as  my  Catholic  critic  does,  is  a  mil 
way  of  describing  the  storm  of  opprobrium  with  whic 
this  statement  has  been  assailetl.     But  the  first  blast  < 
passion  being  past,  I  hope  I  may  again  ask  my  opponen 
to  consent   to  reason.      First  of  all,  I   am    blamed  fi 
crossing   the    boimdary   of    the    experiment-al    evidenc 
This,  I  reply,  is  the  habitual  action  of  the  scientific  mil 
— at  least  of  that  portion  of  it  which  applies  itself 
physical    investigation.      Our    theories    of    light,   hea 
magnetism,  and  electricity,  all  imply  the  crossing  of  th 
lx)undary.     My  paper  on  the  •  Scientific  Use  of  the  Imi 
gination,'   and   my  'Lectures   on    Light,'  illustrate  li 
point  in  tlie  amplest  manner ;  and  in  the  brief  discoar 
which  follows  this  Address  I  have  sought,  incidentallv,  i 
make  clear,  that  in  physics  the  experiential  incesnot 
leads  to  the  ultra-experiential ;  that    out   of  experieiM 
there  always  grows  something  finer  than  mere  experieno 
and  that  in  tiieir  different  powers  of  ideal  extension  col 
sists,  for  the  most  part,  the  difference  between  the  grca 
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id  the  mediocre  investigator.  The  kingdom  of  science, 
en,  Cometh  not  by  observation  and  experiment  alone, 
Ibut  is  completed  by  fixing  the  roots  of  observation  and 
xperiment  in  a  region  inaccessible  to  both,  and  in  dealing 
"^srith  which  we  are  forced  to  fall  back  upon  the  picturing 
jjower  of  the  mind. 

Passing  tlie  boundary  of  experience,  therefore,  does 
aaot,  in   the  abstract,  constitute   a  sufficient  ground  for 
oensiire.     There  must  have  been  something  in  my  par- 
ticular mode  of  crossing  it,  which  provoked  this  tremendous 
'  chorus  of  dissent.' 

Let  us  calmly  reason  the  point  out.  I  hold  the  nebular 
theory  as  it  was  held  by  Kant,  Laplace,  and  William 
Herschel,  and  as  it  is  held  by  the  best  scientitio  intellects 
of  to-day.  According  to  it,  our  sun  and  planets  were 
once  diffused  through  space  as  an  impalpable  haze,  out  of 
which,  by  condensation,  came  the  solar  system.  What 
caused  tlie  haze  to  condense  ?  Loss  of  heat.  What  rounded 
the  sun  and  planets  ?     That  which  rounds  a  tear — mole- 

tcnlar  force.  For  teons,  the  immensity  of  which  overwhelms 
man's  conceptions,  the  earth  was  unlit  to  maintain  what 
we  call  life.  It  is  now  covered  with  visible  living  things. 
They  are  not  formed  of  matter  different  from  that  of  the 
earth  around  them.  They  are,  on  tlie  contrary,  bone  of  its 
l»one  and  flesh  of  its  flesh.  How  were  the}*  introduced  ? 
Was  life  implicated  in  the  nebuhe — as  part,  it  may  be,  of 
k  a  vaister  and  wholly  Unfathomable  Life  ;  or  is  it  the  work 
L  of  a  Being  standing  outside  the  nebulte,  who  fashioned  it 
L  and  vitalised  it ;  but  whose  own  origin  and  ways  are  equally 
past  finding  out?  As  far  as  the  eye  of  science  has 
hitherto  ranged  through  nature,  no  intrusion  of  purely 
creative  power  into  any  series  of  phenomena  has  ever  been 
observed.  The  assumption  of  such  a  power  to  account  for 
special  phenomena,  though  often  made,  has  always  proved 
a  failiue.     It  is  opposed  to  the  very  spirit  of  science,  and 
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1 1  tberafoie  assumed  the  respoadbilitj  of  boldin^;^  np,  in 
'  eoatnst  with  it,  that  method  of  nature  which  it  k&i  been 
the  vocation  and  triumph  of  science  to  di»cIo^,  and  is 
the  application  of  which  we  can  alone  hope  for  ftutJier 
light.  Holding,  then,  that  the  nebube  and  the  eolar 
sj^tem,  life  included,  stand  to  each  other  iu  the  relation 
of  the  genu  to  the  tinished  organism,  I  reaffirm  here,  not 
UTOgaotly,  or  deBantlj,  but  without  a  shade  of  iixiii- 
tinetn«es,  the  position  laid  down  at  Belfast. 

Not  with  the  vagnenew   belonging  to  the  emotiom, 
but  with  the  definiteuess  belonging  to  the  understaii' 
the  scientidc  man  has  to  put  to  himself  theae  que:::.  -^ 
^regarding  the  introduction  of  life  upon  the  earth.    He 
Ivill  be  the  last  to  dogmatise  upon  the  subject,  for  be 
knows  best  that  certainty  is  here  for  the  present  unattain- 
able.    His  refiual  of  the  creative  hypothesis   is  less  aa 
assertion  of  knowledge  than  a  protest  against  the  a^suai 
tion  of  knowledge  which   must  long,  if  not  for  ever, 
beyond  us  and  the  claim  to  which   is  the  source  of 
petual  confudon  upon  earth.     With  a  mind  open  to  ooi 
riction  he  asks  his  opponents  to  show  him  an   authority 
for  the  belief  they  so  strenuously  and  so  fiercely  uphol< 
They  can  do  no  more  than  point  to  the  Book  of  Gea 
or  Slime  other  portion  of  the  Bible.    Profoundly  iuterestini 
and  indeed  pathetic,  to  me  are  those  attempts  of 
opening  mind  of  man  to  appease  its  hunger  for  a  Ca 
But  the  Book  of    Genesis   has  no    voice   in   scientific 
questions.     To  the  grasp  of  geology,  which  it  resisttnl  fi 
a  time,  it  at  length  yielded  like  potter's  clay ;  ita  auihorit; 
as  a  system  of  cosmogony  being  discredited  on  all  ham 
by  the  abandonment  of  the  obvious  meaning  of  its  writ 
It  is  a  poem,  not  a  scientific  treatise.     In   the  fonm 
aspect  it  is  for  ever  beautiful:  in  the  latter  aspect  it  has 
been,  and  it  will  continue  to  be,  purely  obetructive  am 
hurtful.      To   knowledge   its    value    has    been   uegativi 
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ling,  in  rougher  ages  than  oiirs,  to  physical,  an4  even 
lour  own  'free'  age  to  moral,  violence. 


No  incident  connected  with  the  proceedings  at  Belfast 

lore  instructive  than  the  deportment  of  the  Catholic 

STerarchy  nf  Ireland ;  a  body  iistially  too   wise  to   confer 

ftoriety  upon  an  adversary  by  imprudently  denouncing 
n.  The  '  Times,'  to  which  1  owe  nothing  on  the  score 
sympathy,  but  a  great  deal  on  the  score  of  fair  play, 
lere  so  much  has  been  uufiiir,  thinks  that  the  Irish 
linal,  Archbishop:!,  and  Bishops,  in  the  recent  mani- 
0,  adroitly  employed  a  weapon  which  I,  at  an  imlucky 
omcnt,  placed  in  their  hands.  The  antecedents  of 
their  action  cause  me  to  regard  it  in  a  different  light ; 
and  a  brief  reference  to  these  antecedents  will,  I  think, 
illuminate  not  only  their  proceedings  regarding  Beltast, 
but  other  doings  which  have  been  recently  noised 
abroad. 

Before  me  lies  a  document,  bearing  the  date  of 
November  1873,  but  which,  after  appearing  for  a  moment, 
unaccoimtably  vanislied  from  public  view.  It  is  a 
Memorial  addressed  by  Seventy  of  the  Students  and  Ex- 
student-i  of  the  Catholic  University  in  Ireland,  to  the 
Episcopal  Board  of  the  University ;  and  it  constitutes 
the  plainest  and  bravest  remonstrance  ever  addressed  by 
Iri^  laymen  to  their  spiritusil  pastors  and  masters.  It 
expresses  the  profoundest  dissatisfaction  witli  the  cur- 
riculum marked  out  for  the  students  of  the  University  ; 
setting  forth  the  extraordinary  fact  that  the  lecture-list 
for  the  faculty  of  Science,  published  a  month  before  they 
wrote,  did  not  contain  the  name  of  a  single  Professor  of 
the  Physical  or  Natural  Sciences. 

The  memorialists  forcibly  deprecate  this,  and  dwell 
upon  the  necessity  of  education  in  science:  'The  distin- 
guishing mark  of  this  age  is  its  ai'dour  for  science.     The 
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natiir|il  sciences  have,  witLin  the  last  fifty  years,  W'ome 
the  chiet'est   study  in  the   world ;  they  are  in  our  tin 
pursued  with  an  activity  unparalleled  in  the  history 
mankind.     Scarce  a  year  now  passes  without  «ome  di» 
covery  being  made  in  these  sciences  which,  as  with  th 
touch  of  the  magician's  wand,  shivers  to  atoms  theoria 
formerly  deemed  unassailable.     It  is  through  the  physic 
and  natural  sciences  that   the  fiercest  assaults  are  now' 
made  on  our  religion.     No  more  deadly  weapon  is  used 
against  our  faith  than  the  facts  incontestably  proved 
modem  researches  in  science.' 

Such  statements  must  be  the  reverse  of  comfortahh 
to  a  number  of  gentlemen  who,  trained  in  the  philosophjj 
of  Thomas  Aquinas,  have  been  accustomed  to  the  in 
questioning  submission  of  all  other  sciences  U>  the 
divine  science  of  Theology.  But  something  more  remain* : 
'  One  thing  seems  certain,'  say  the  memorialsts,  viz., '  that 
if  chairs  for  the  physical  and  natiu'al  sciences  be  not  soon 
founded  .in  the  Catholic  University,  very  many  young 
men  will  have  their  faith  exposed  to  dangers  which  the 
creation  of  a  school  of  science  in  the  University  would 
defend  them  from.  For  our  generation  of  Irish  OatbolicJ 
are  writhing  under  the  sense  of  their  inferiority  in 
science,  and  are  determined  that  such  inferiority  shall 
not  long  continue  ;  and  so,  if  scientific  training  be  un- 
attainable at  our  University,  they  will  seek  it  at  Trinity, 
or  at  the  Queen's  Colleges,  in  not  one  of  which  is  there 
a  Catholic  Professor  of  Science.' 

Tliose  who  imagined  the  Catholic  University  at  Ken- 
sington to  be  due  to  the  spontaneous  recognition,  on  the 
part  of  the  Roman  hierarchy,  of  the  intellectual  needs  of 
the  age,  will  derive  enlightenment  from  this,  and  still  more 
from  what  follows :  for  the  most  formidable  threat  remains. 
To  the  picture  of  Catholic  students  seceding  to  Trinity  and 
Queen's  Colleges,  the  memorialists  add  this  darkest 
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stroke  of  all :  '  They  will,  in  the  solitude  of  their  own 
homes,  imaided  by  any  guidinyf  advice,  devour  the  works 
of  Ha^ckel,  Darwin,  Huxley,  Tyudall,  and  Lyell ;  works 
innocuous  if  studied  under  a  professor  wlio  would  point 
out  the  difference  het.ween  established  facts  and  erroneous 
inferenteii,  but  which  ai'e  calculated  to  sap  the  faith  of 
a  solitary  student,  deprived  of  a  discriminating  judg- 
ment to  which  he  could  refer  for  a  solution  of  his  diffi- 
culties.' 

In  the  light  of  the  knowledge  given  by  this  courageous 
memorial,  and  of  similar  knowledge  otherwise  derived, 
the  recent  Catholic  manifesto  did  not  at  all  strike  me  as 
a  chuckle  over  the  mistake  of  a  maladroit  adversary,  but 
rather  as  an  evidence  of  profound  imeasiness  on  the  part 
of  the  Cardinal,  the  Archbishops,  and  the  Bishops  who 
signed  it.  They  acted  towards  it,  however,  with  their 
accustomed  practical  wisdom.  As  one  concession  to  the 
spirit  which  it  embodied,  tlic  Catholic  University  at  Ken- 
sington was  brought  forth,  apparently  as  the  eflfect  of 
spontaneous  inward  force,  and  not  of  outward  pressure, 
which  was  rapidly  becoming  too  formidable  to  be  success- 
fully opposed. 

The  memorialists  point  with  bitterness  to  the  fact, 
that '  the  name  of  no  Irish  Catholic  is  known  in  connection 
with  the  physical  and  natural  sciences.'  But  this,  they 
ought  to  know,  is  the  complaint  of  free  and  ciUtivated 
minds  wherever  a  Priesthood  exercises  dominant  power. 
Precisely  the  same  complaint  has  been  made  with  re- 
spect to  the  Catholics  of  G-ermany.  The  great  national 
literature  and  scientific  achievements  of  that  country,  in 
modern  times,  are  almost  wholly  the  work  of  Protestants. 
A  vanishingly  small  fraction  of  it  only  is  derived  from 
members  of  the  Koman  Chuich,  although  tlie  number  of 
these  in  Germany  is  at  least  as  great  as  that  of  the  Pro- 
testants.    '  The  question  arises,'  says  a  writer  in  an  able 
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Monsignor  Capel  has  recentlj  been  good  enough  to  pro- 
clBim  at  once  the  friendliness  of  his  Church  towards  true 
8cicnc«,  and  her  right  to  determine  what  true  science  is. 
l«et  us  dwell  for  a  moment  on  the  proofs  of  her  scientific 
competence.  Vlien  Halley's  comet  appeared  in  1456  it 
was  regarded  as  the  harbinger  of  God's  vengeance,  the 
dispenser  of  war,  pestilence,  and  famine,  and  by  order  of 
the  Pope  the  church  bells  of  Europe  were  rung  to  scare- 
the  monster  away.  An  additional  daily  prayer  was  added 
to  the  supplications  of  the  fuithfviJ.  The  comet  in  due 
time  disappeared,  and  the  faithful  were  comforted  by  the 
assurance  that,  as  in  previous  instances  relating  to  eclipses, 
droughts,  and  rains,  so  also  as  regards  this  'nefarious' 
comet,  victory  had  been  vouchsafed  to  the  Church. 

Both  Pythagoras  and  Copernicus  had  taught  the 
heliocentric  doctrine- — that  the  earth  revolves  round  the 
sun.  In  the  exercise  of  her  right  to  determine  what  true 
science  is,  the  Church,  in  the  Pontificate  of  Paul  V., 
stepped  in,  and  by  the  mouth  of  the  holy  Congregation  of 
the  Index,  delivered,  on  March  5,  1616,  the  following 
decree : — 

And  whereas  it  katknlao  come  to  tfie  himvledr/e  of  the 
said  holycon'jregation  that  the  false  Pythagoi-eiut  doctrine 
of  tlvB  mobilitij  of  the  earth  and  the  i/mviob'ility  of  the  8un, 
entirely  opposed  to  Hohj  writ,  which  is  tmight  by  Nicolas 
Copernicibs,  is  now  published  abroad  and  received  by 
•many.  In  order  that  this  opinion  may  not  fuHher 
spread,  to  t/ie  damage  of  Catholic  truth,  it  is  ordered  that 
this  and  aU  otfier  books  teaching  the  like  doctrine  be  sus- 
pended, ami  by  this  decree  they  are  all  respectively  8US~ 
peiuied,  forbidden,  and  condemned. 

But  why  go  back  io  145fi  and  lfil6  ?  Far  be  it  from 
me  to  charge  bygone  sins  upon  Monsignor  Capel,  were  it 
not  for  the  practices  he  upholds  to-day.  The  most 
applauded  dogmatist  and  champion  of  the  Jesuits  is,  I  am 
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of  his   have  heen  scattered  abroad    for   the    healing  of 

the   -»»^'«**-       Hi»  notions    of    physical    astronomy 

viztuaUy   tfaon  of  1456.     lie  teaches   boldly  that  <Gi 
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that  man,  body  and  soul,  came  from  his  parents. 

is  the  ^atem  that   now  atnres  for  oniveisal  power 

is  froas  it,  as  Mosksagnor  C^el  gneioady  informs  us, 

w«  are  to  leam  what  is  aDowahle  in  sci^ice,  and 

is  not! 

la  the  &oe  of  sodi  &cts.  which  might  be  multiplied 
at  wiQ,  it  leqainB  extnocdiiiaiy  bcaverj  of  mind,  or  s 
irNinrv  vpoa  pnlilie  ^nonaee  almost  as  eztraordiiiaTy, 
to  make  the  claims  made  bj  Monaignor  Capel  for  his 
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A  Onnmn  anihor,  speakiag  of  one  who  has  had  bitter 
experience  in  this  line,  dMcribeo  those  Catholic  writers  who 
Mtoe  »»  ai^ait  to  the  Congregation  of  the  Index  as  ootr 
la««d — fair  wibycti  farmonl  aasaasinalion.'  This  is  very 
^itnag ;  and  still,  jodging  from  my  own  small  experience, 
•ot  too  Mmag.  In  refenoee  to  this  I  would  aik,  not  witb- 
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inifest,  the  other  being  resen'ed  for  future  treatment. 
Sprung  from  a  source  to  which  the  Bible  was  specially 
lear,  my  early  training  was  confined  almost  exclusively  to 
Bom  in  Ireland,  I,  like  my  predecessors  for  many 
enerations,  was  taught  to  hold  my  own  against  the  Church 
Rome.  1  had  a  father  whose  memory  ought  to  be  to 
le  a  stay,  and  an  example  of  imbending  rectitude  and 
ity  of  life.  The  small  stock  to  which  he  belonged 
ere  scattered  with  various  fortunes  along  that  eastern 
of  Leinster,  from  Wexford  upwards,  to  which  they 
ssed  from  the  Bristol  Channel.  My  father  was  the 
sorest  of  them.  Socially  low,  but  mentally  and  morally 
and  independent,  by  his  own  inner  energies  and  affi- 
ities  he  obtained  a  knowledge  of  history  which  would  put 
■  to  shame  ;  while  the  whole  of  the  controversy  between 
rotestantism  and  liomanism  was  at  his  fingers'  ends.  At 
le  present  moment  the  w^orks  and  characters  which 
Bupied  him  come,  as  far-off  recollections,  to  my  mind, 
lude  and  Bossiiet,  Chillingworth  and  Nott,  Tillotson, 
Jeremy  Taylor,  Clialloner  and  Jliluer,  Pope  and  McGuire, 
and  others  whom  I  have  forgotten,  or  whom  it  is  needless 
to  name.  Still  this  man,  so  charged  with  the  ammunition 
of  controversy,  was  so  respected  by  his  Catholic  fellow- 
townsmen,  that  they  one  and  all  put  up  their  shutters 
when  he  died. 

With  such  a  preceptor,  and  with  an  hereditary  interest 
in  the  Papal  controversy,  I  naturally  went  into  it.  I  did 
not  confine  myself  to  the  Protestant  statement  of  the 
question,  but  made  myself  also  acquainted  with  the  argu- 
ments of  the  Church  of  Kome.  I  remember  to  this  hour 
the  interest  and  surprise  with  which  I  read  Challoner's 
'Catholic  Christian  Instructed;'  and  on  the  border-line 
between  boyhood  and  manhood  I  was  to  be  found  taking 
part  in  controversies,  in  which  the  rival  faiths  were  pitted 
against  each  other.     I  sometimes  took  the  Catholic  side, 
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and  gave  my  Protestant  antagonist  considerabl 
The  views  of  Irish  Catholica  became  tbus  intimat 
to  me,  and  there  was  no  doctrine  of  Protestanti 
they  more  emphatically  rejected,  and  the  me 
which  to  them  they  resenterl  more  warmly, 
doctrine  of  the  Pojjc's  personal  infallibility,  t 
face  of  this  knowledge  it  was  obstinat-ely  ai»«ert 
asserted  in  my  presence  some  time  ago,  by  i 
priest,  that  the  doctrine  of  the  infallibility  of 
had  always  been  maintained  in  Ireland.' 

But  this  is  an  episode,  intended  to  disabuse  1 
in  this  conntry  or  the  United  States*,  may  have  i 
led  by  reckless  peraons,  in  regard  to  the  perso< 
referred  to.  I  now  return  to  the  impersonal.  1 
of  life  upon  earth,  as  far  as  Science  can  see,  has 
of  uinelioration — a  steady  advance  on  the  whoU 
lower  to  the  higher.  The  continued  efifort  of 
nature  is  to  improve  its  condition  and  raise  : 
loftier  level.  In  man  improvement  and  an 
depend  largely  upon  the  growth  of  conscioits  k 
by  which  the  errors  of  ignorance  are  continuallj 
and  truth  is  organised.  It  is  assuredly  the  a 
knowledge  that  has  given  a  materialistic  coU 
philosophy  of  this  age.  ^laterialism  is  theref 
thing  to  be  mourned  over,  but  to  be  honestly  coB 
accepted  if  it  be  wholly  true,  rejected  if  it  l)e  wl 
wisely  sifted  and  turned  to  account  if  it  e 
mixture  of  truth  and  error.  Of  late  years  the  st 
nervous  system,  and  its  relation  to  thought  at 
have  profoundly  occupied  enquiring  minds. 


'  On  a  memory  wbieh  fintps  lindc  to  my  fiftefinth  yoir, 
rend  the  ciiscusHioa  betwcsD  Jtr.  Pop«  nnd  FnLbCT  MeOuiie, 
inrfined  to  rely  for  proof  thut  the  Catholic  clergyman,  iu  tlu 
nniJ  in  the  name  of  his  Church,  repudiated  the  doctriue  of 
fallibility. 
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not  to  shirk — it  ou<5ht  rather  to  be  our  privilege  to 
:ept — the  established  results  of  such  encjiiiries,  for  here 
isiiredly  our  ultimate  weal  depends  upon  our  loyalty  to 
»e  truth.  Instructed  as  to  the  control  which  the  nervous 
■^stem  exercises  over  man's  moral  and  intellectual  nature, 
L*^»e  shall  be  better  prepared,  not  only  to  mend  their  mani- 
Jl^old  defects,  but  also  to  strengthen  and  purify  both.  la 
I  *-*iind  degraded  by  this  recognition  of  its  dependence  ? 
l^-^^ssiiredly  not.  Matter,  on  the  contrary,  is  raised  to  the 
'  *-^vel  it  ought  to  occupy,  and  from  which  timid  ignorance 
^"^^ould  remove  it. 

^  But  the  light  is  dawning,  and  it  will  become  stronger 

L^^s  time  goes  on.  Even  the  Brighton  Congress  affords 
L^^vidence  of  this.  From  the  manifold  confiisions  of  that 
1^  **8Kemblage  my  memory  has  rescued  two  items,  which  it 
"^rould  fain  preserve  :  the  recognition  of  a  relation  between 
-^^lealth  and  Religion,  and  the  address  of  the  Eev.  Harry 
"^kJoues.  Out  of  the  conflict  of  vanities  his  words  emerge 
wholesome  and  strong,  Ijccauae  untlrugged  by  dogma, 
soming  directly  from  the  warm  brain  of  one  who  knows 
irhat  practical  truth  means,  and  wlio  has  faith  in  its 
Ktality  and  inherent  power  of  propagation.  I  wonder  is 
lie  less  effectual  in  his  ministry  than  his  more  embroidered 
colleagues  ?  It  surely  behoves  our  teachers  to  come  to  some 
«lefiuite  understanding  as  to  this  question  of  health ;  to 
«ee  how,  by  inattention  to  it,  we  are  defrauded,  negatively 
And  positively :  negatively,  by  the  privation  of  that 
•sweetness  and  light' which  is  the  natural  concomitant 
«f  good  health  ;  positively,  by  the  insertion  into  life  of 
cynicism,  ill-temper,  and  a  thousand  corroding  anxieties 
"which  good  health  wouhl  dissipate.  We  fear  and  scorn 
*  materialism.'  But  he  who  knew  all  about  it,  and  could 
\f  apply  his  knowledge,  might  become  the  preacher  of  a  new 
R  gospel.  Not,  however,  through  the  ecstatic  moment*  of 
B      the  individual  does  such  knowledge  come,  but  through 
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hr  diould  the  Roman  Catholic  Church  call  ghit 
dn  ?  Why  should  fasting  oonspj  a  place  in 
of  religion  ?  What  is  the  xneuiing  of  Lul 
aince  to  the  young  clergyman  who  came  to  him,  perpU 
mfth  the  difficulties  of  predestinatioo  aod  election,  ij 
be  BOl  that,  in  virtue  of  it«  action  upon  the  brain,  wl 
roelj  applied,  there  is  moral  and  religious  virtue 
k  a  hydro-carbon  ?  To  use  the  old  bmguagv,  food 
Aiak  are  creatures  of  God,  and  hare  therefore  a  spiritimt 
oImb.  The  air  of  the  Alps  would  be  augmented  tenfold 
«•  purifying  power  if  this  truth  were  recogniaed.  Througb 
mr  neglect  of  tlie  monitions  of  a  reasonable  materialism 
«v  an  and  suffer  daily.  I  might  here  point  to  the  tiaio 
«f  deadly  disorders  over  which  science  has  given  modoa 
»ictetT  stuch  control — disclosing  the  lair  of  the  roateriil 
<acmv,  ensuring  his  destruction,  and  thus  preventing  that 
■onl  squalor  and  hopelessness  which  habitually  tread 
tte  heels  of  epidemics  in  the  case  of  the  poor. 

Rising  to  higher  spheres,  the  visions  of  Sweden! 
aad  the  ecstacy  of  Piotinus  and  Porphyry,  are  phases 
ikat  psyt^cal  condition,  obviously  connected  with  the 
IMVOOS  ^Btem  and  state  of  healtli,  on  which  is  based  the 
'VMie  doctrine  of  the  absorption  of  the  individual 
llb»  vniversal  souL  Piotinus  taught  the  devout  how' 
last  into  a  condition  of  ecstasy.  Porphyry  complains 
^iMiti^  been  only  once  united  to  God  in  eightyidx 
tifeilr  his  master  Piotinus  had  been  so  united  six  times  in 
jitiff  T«tti9.'     A  friend  who  knew  Wordsworth    inf^ym* 

t  TCCMMHod  to  thr*  iMidei's  r>TlicBhr  attoDlka  Dr.  DiBfMi'a  iaipw 

\mtillmi.  'Bataryot  tht  Oaaffietb«t«cn>  lUiigiaii  aad&iMM' 

!1.8.Kucm4  CaV    Hmn^  ia  ndl  caapM*.  wiO  b«  fcaad  ■ 
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,e  that  the  poet,  in  some  of  his  moods,  was  accustomed 
to  seize  hold  of  an  external  oliject  to  assure  himself  of  his 
own  bodily  existence.  No  one,  I  should  say,  has  had  a 
•wider  experience  in  this  field  than  Sir.  Emerson.  As 
states  of  consciousness  those  phenomena  have  an  undis- 
puted reality,  and  a  substantial  identity;  but  they  are 
connected  with  t!ie  most  lieterogeneoua  objective  concep- 
tions. The  subjective  experiences  are  similar,  because  of 
the  similarity  of  the  underlying  nervous  organisations. 

But  for  those  who  wish  to  look  beyond  the  practical 
ifacts,  there  will  always  remain  ample  room  for  speculation. 
Take  the  argument  of  the  I^ucretian  introduced  in  the 
foregoing  Address  at  page  498.  As  far  as  I  am  aware,  not 
one  of  my  assailants  has  attempted  to  answer  it.  Some 
of  them,  indeed,  rejoice  over  the  ability  displayed  by 
Bishop  Butler  in  rolling  back  the  difficulty  on  his  opponent ; 
and  they  even  imagine  that  it  is  the  Bishop's  own  argu- 
ment that  is  there  employed.  Instructed  by  self-know- 
ledge, they  can  hardly  credit  me  with  the  wish  to  state 
both  sides  of  the  question  at  issue ;  and  to  show  by 
reasoning,  stronger  than  Butler  ever  used,  the  overthrow 
whicli  awaits  any  doctrine  of  materialism  based  upon 
the  definitions  of  matter  habitually  received.  But  the 
raising  of  a  new  difficulty  does  not  abolish — does  not 
even  lessen — the  old  one,  and  the  argument  of  the 
Liicretian  remains  untouched  by  anything  the  Bishop  has 
said  or  can  say. 

And  here  it  may  be  permitted  me  to  add  a  word  to  an 
important  controversy  now  going  on.  In  an  article  on 
'Physics  and  Metaphysics,'  published  in  the  'Waturday 
Review'  more  than  fourteen  years  ago  [1860],  I  ventured  to 
state  thus  the  old  problem  of  the  relation  of  physics  to  con- 
sciousness :  '  The  philosophy  of  the  future  will  assuredly 
take  more  account  than  that  of  the  past,  of  the  relation  of 
thought  and  feeling  to  physical  processes ;  and,  it  may  be, 


FRAGME>TS   OF   SCIKSCE 


that  tbe  qualities  of  Mind  will  be  studied  throtigb 
organism^  as  we  now  study  the  character  of  Force  ti 
the  affections  of  ordinary  matter.     We  believe 
thought  and  every  feeling   has    its   definite    mec 
correlative  in  the  nervous  sjEtem — that  it  ia  accom 
by  a  certain  separation  and  remar«halling  of  the  atoi 
the  brain. 

'  This  latter  process  is  purely  physical ;  and  were  Uit 
faculties  we  now  possess  sufficiently  strengthened,  wi 
the  creation  of  any  new  faculty,  it  would  doubtless 
within  the  range  of  our  augmented  powers  to  infer 
tite  molecular  state  of  the  brain,  the  character  of 
thought  acting  upon  it;  and,  conversely,  to  infer 
the  thought,  the  exact  corresponding  molecular  condil 
of  the  brain.  We  do  not  say — and  this,  as  will  be  seen, 
is  all-important — that  the  inference  here  referred  to 
would  be  an  a  priori  one.  >Miat  we  say  is,  that  bj 
observing,  with  the  faculties  we  assume,  the  state  of  the 
brain,  and  the  associated  mental  affections,  both  might 
be  so  tabulated  side  by  side,  that  if  one  were  give: 
mere  reference  to  the  table  would  declare  the  other. 

*  Given  the  masses  of  the  planets  and  their  di 
asunder,  and  we  can  infer  the  pertiurbations  consequent 
their  mutual  attractions.  Given  the  nature  of  a  distu 
ance  in  water,  air,  or  aether,  and  from  the  physical  pro- 
perties of  the  medium  we  can  infer  how  its  particles  will 
lie  affected.  The  mind  runs  along  the  line  of  thougl^ 
which  connects  the  phenomena,  and  from  beginning  i^| 
end  finds  no  break  in  tbe  chain.  But  when  we  endeavotir 
to  pas^s,  by  a  similar  process,  from  the  pliysics  of  the  h: 
to  the  phenomena  of  consciousness,  we  meet  a  probl 
which  transcends  every  conceivable  expansion  of  the  po 
we  now  possess.  We  may  think  over  tbe  subject 
and  again ;  it  eludes  all  intellectual  presentation — we 
stand  at  length  face  to  face  with  the  Incomprehensitile.' 
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The  discussion  above  referred  to  turns  on  the  question : 
I  states  of  consciousness  enter  as  links  into  the  chain  of 
tecedcuce  and  sequence,  wliicli  give  rise  to  bodily  actions, 
1  to  other  states  of  consciousness ;  or  are  they  merely 
•products,  which  are  not  essential  to  the  physical 
jcesses  going  on  in  tLe  brain?  Speaking  for  myself,  it 
certain  that  I  have  no  power  of  imagining  states  of 
isciousness,  interposed  between  the  molecules  of  the 
lin,  and  influencing  the  transference  of  motion  among 
i  molecules.  The  thought  '  eludes  all  mental  presenta- 
m  ; '  and  hence  the  logic  seems  of  iron  strength  which 
lims  for  the  brain  an  automatic  action,  uniufliienced  by 
ites  of  consciousness.  But  it  is,  I  believe,  admitted  by 
Dse  who  hold  the  automaton-theory,  that  states  of 
Dsciousness  are  produced  by  the  marshalling  of  the 
jlecules  of  the  brain  ;  and  this  production  of  conscious- 
68  by  molecular  motion  is  to  me  quite  as  unthinkable 
the  production  of  molecular  motion  by  consciousness. 
,  therefore,  uutlunkability  be  the  proper  test,  I  must 
ually  reject  both  classes  of  phenomena.  I,  however, 
ject  neither,  and  thus  stand  in  the  presence  of  two  In- 
mprehensibles,  instead  of  one  Incomprehensible.  While 
cepting  fearlessly  the  facts  of  materialism  dwelt  upon  in 
eae  pages,  I  bow  my  bead  in  the  dust  before  that 
ystery  of  mind,  which  lias  liitherto  defied  its  own  peue- 
itive  power,  and  which  may  ultimately  resolve  itself  into 
iemonstrable  impossibility  of  self-penetmtion. 

But  the  secret  is  an  open  one — the  practical  monitions 
»  plain  enough,  which  declare  that  on  oiu-  dealings  with 
ttter  depends  our  weal  or  woe,  physical  and  moral. 
e  state  of  mind  which  rebels  against  the  recognition  of 
5  claims  of  'materialism'  is  not  imkuown  to  me.  I 
1  remember  a  time  when  I  regarded  my  body  as  a  weed, 
tnuch  more  highly  did  I  prize  the  conscious  strength 
d  pleasure  derived  from  moral   and  religious   feeling 
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and  the  living  in  it  impracticable,  were  it  not  for  some 
acquired  moderation  and  self-govenmient,  some  aptitude 
and  readiness  in  restrsuning  themselves,  and  concealing 
their  sense  of  things.'  In  temperance  of  language,  at 
least,  his  Grace  the  Archbishop  of  Canterbury  has  set  a 
good  example.' 

John  Ttndall. 

Athemjedm  Club  : 
December  S,  187'!. 

'  A  still  more  remarkable  Ulnstration  of  absence  of  vituperation,  asso- 
ciated with  real  scientific  insight,  is  famished  by  the  sermon  of  the  Bishop 
of  Carlisle,  reported  in  the  '  Oxford  University  Herald '  for  November  28, 
1874.  To  Dr.  Quarry,  and  to  a  contributor  in  the  current  number  of 
the  'British  Quarterly  Review,'  my  special  acknowledgments  are  due. 
(November,  1875.) 
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A  FEW  yeiirs  ago  I  paid  a  nsit  to  a  large  school  in  the 
coiintry,  and  was  asked  bj  the  principal  to  givei 
>n  to  one  of  the  classes.  I  agreed  to  do  so,  proW 
would  let  me  have  the  youngest  boys  in  his  scbo 
To  this  he  willingly  assented :  and,  after  casting  about 
my  mind  as  to  what  could  be  said  to  the  little  felloi 
went  to  a  village  hard  by  and  brought  some  so 
Ij.  This  was  my  teaching  apparatus.  The  boys  ha^ 
aoembled,  I  began  by  describing  the  way  in  wbie 
r-candy  and  other  artificial  crystals  are  formed, 
led  to  place  vividly  before  their  young  minds  the  archi- 
tectural prv>cess  by  which  crystals  are  built  up.  They 
listened  to  me  with  eager  interest.  I  examined  the 
crystal  before  them,  pointing  out  its  various  &ce8 
angles ;  and  when  they  found  that  in  a  certain  direction  j 
coidd  be  split  into  thin  lamine  with  shining  surfaces  i 
cleavage,  their  joy  was  at  its  height.  They  liad 
notion  titat  the  thing  they  had  been  crunching  an 
sucking  all  their  lives,  embraced  so  many  hidde 
points  of  beauty.  I  spent  a  very  pleasant  hoiu'  wi( 
these  young  philosophers;  and  at  the  end  of  the  le 
emptied  my  pockets  among  the  class,  and  permitted  then 
to  experiment  upon  the  sugar-candy  in  the  way  tist 
to  boys. 

I  know  not  whether  this  great  assembly  will  deem  : 
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I  impertinence  on  my  part  if  I  seek  to  instruct  them,  for 
in  liuur  or  so,  nn  the  subject  chosen  for  my  class.  In 
loiug  so  I  run  the  imminent  risk  of  being  wearisome  as 
yell  as  impertinent;  while  labouring  under  the  further 
lisadvantage  of  not  being  able  to  make  matters  pleasant 
tt  the  conclusion  of  the  lecture,  by  the  process  adopted  at 
^ibe  end  of  my  lesson  to  the  boys.  The  experiment,  bow- 
^^ver,  must  be  made. 

We  are  to  consider  this  evem"ng   some  of  the   phe- 

*3omena   of  Crystallisation ;   but   in   order   to   trace   the 

^g;enesis  of  the  notions  now  entertained  upon  the  subject, 

"^?e  liave  to  go  a  long  way  back.    lu  the  drawing  of  a  bow, 

-■^Jie  darting  of  a  javelin,  the  throwing  of  a  stone — in  the 

lifting  of  burdens,  and  in  personal  combats,  even  savage 

^nan  became  acquainted  with  the  operation  of  force.     His 

■^rst   efforts  were   directed   towards    securing    food   and 

shelter  ;  but  ages  of  discipline,  during  which  bis  power 

"was  directed  against  nature,  agaiinst  his  prey,  and  against 

liis    fellow-man,  taught    him    foresight.      He  laid  by  at 

"the  proper  season  stores  of  food,  thus  obtaining  time  to 

look  about  him,  and  to  become  an  observer  and  enquirer. 

He  discovered  two    thiugs,  which  must  have  profoundly 

atirred  his  curiosity,  and  sent  down  to  us  the  record  of 

his   discovery.     He  found  that  a  kind  of  resin    dropped 

from  a  certain  tree  possessed,  when  rubbed,    the    power 

of  drawing  light  bodies  to  itself,  and  of  causing  them  to 

cHng   to   it;  and  be    also  found  that  a  particular  stone 

exerted    a    similar    power    over    a    particular    kind    of 

metal.     I  allude,  of  course,  to  electrified  amber,  and  to 

the  loadstone,  or  natural  magnet,  and  its  power  to  attract 

particles  of  iron.     Previous  experience   had  enabled  our 

early  enqrurer  to  distinguish  between  a  push  and  a  pull. 

In  fact,  muscular  efforts  might  be  divided  into   pushes 

and   pulls.     Augmented  experience  showed  him  that  in 

the  case  of  the  magnet  and  the  amber,  pulls  and  pushes — 
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irbit  by  the  chain — that  the  sun  twirls  tlie  earth  around 
1,  as  a  boy  twirls  roimd  liis  licad  a  hullet  at  the  end  of 
jstring.  But  why  should  the  chain  be  needed  ?  asks  the 
culative  mind.  It  is  a  fact  of  experience  that  bodies 
attract  each  other  at  a  distance,  without  the  in- 
rvention  of  any  chain.  Why  should  not  the  sun  and 
th  80  attract  each  other  ?  and  why  sliould  not  the  fall 
'  bodies  from  a  height  be  the  result  of  their  attraction 
the  earth  ?  Here  then  we  have  one  of  those  higher 
tioughts  of  speculation,  which  grow  out  of  the  fruitful 
|>il  of  observation.  Having  started  with  the  savage,  and 
is  sensations  of  muscular  force,  we  pass  on  to  the  obser- 
ition  of  force  exerted  between  a  magnet  and  rubbed 
iber,  and  the  bodies  which  they  attract,  rising,  by  an 
ibroken  growth  of  ideas,  to  a  conception  of  the  force  by 
|hich  Bun  and  planets  are  held  together. 

This  idea  of  attraction  between  sun  and  planets  bad 
come  familiar  in  t!ie  time  of  Newton.  He  set  himself 
examine  the  attraction ;  and  here,  as  elsewhere,  we 
nd  the  speculative  mind  falling  back  for  its  materials 
jn  experience.  It  had  been  observed,  in  the  case  of 
iignetic  and  electric  b<)dies,  that  the  nearer  they  were 
rought  together  the  stronger  was  the  force  exerted  he- 
tween  them  ;  while,  by  increasing  the  distance,  the  force 
diminished  until  it  became  insensible.  Hence  the  infer- 
ence that  the  assumed  pull  between  the  earth  and  the 
sun  would  l)e  influenced  by  their  distance  asunder. 
Guesses  had  been  made  as  to  the  exact  manner  in  which 
the  force  varied  with  the  distance ;  but,  in  the  case  of 
Newton,  the  guess  was  supplemented  l»y  being  brought 
to  the  severe  test  of  experiment  and  calculation.  Com- 
paring the  pull  uf  the  eartii  upon  a  body  close  to  its 
Biu4'ace,  with  the  pull  upon  the  moon,  240,000  miles 
away,  Newton  rigidly  establisbod  the  law  of  variation 
with  the  distance,  thus  placing  in  our  hands  a  principle 
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te  examples  of  what  are  called  polar  forces ;  and  in 
case  of  magnetism,  experience  itself  pushed  the  raind 
irresistibly  beyond  the  bounds  of  experience,  compelling 
It  to  conclude  that  the  polarity  of  the  magnet  was  resi- 
dent in  its  molecules.  I  hold  a  strip  of  steel  by  its  centre, 
between  my  finger  and  thumb.  One  half  of  the  strip 
attracts,  and  the  other  half  repels,  the  north  end  of  a 
magnetic  needle.  I  break  the  strip  in  the  middle,  and 
what  occurs  ?  The  middle  point  or  equator  of  the  mag- 
net has  shifted  to  the  centre  of  the  new  strip.  This 
half,  whicli  a  moment  ago  attracted  throughout  its  entire 
length  the  north  pole  of  a  magnetic  needle,  is  now 
divided  into  two  new  halves,  one  of  which  wholly  attracts, 
and  the  other  of  which  whoUy  repels,  the  north  pole  of 
the  needle.  Thus  the  half,  when  broken  off,  proves  to  be 
as  perfect  a  magnet  as  the  whole.  You  may  break  this 
half,  and  go  on  till  further  breaking  becomes  impossible 
through  the  very  smalhiess  of  the  fragments;  still  you 
find  at  the  end  that  the  smallest  fragment  is  endowed 
with  two  poles,  and  is,  therefore,  a  perfect  magnet.  But 
you  cannot  stop  here :  you  Imagine  where  you  cannot 
experiment ;  and  reach  the  conclusion  entertained  by  all 
scientific  men,  that  the  magnet  which  you  can  see  and 
feel  is  an  assemblage  of  molecular'  magnets  which  you 
cannot  see  and  feel,  but  which  must  be  intellectually 
discerned. 

In  this  power  of  ideal  extension  consists  for  the  most 
part  the  difference  between  great  and  mediocre  investi- 
gators. The  man  who  cannot  break  the  bounds  of  expe- 
rience, but  holds  on  to  the  region  of  sensible  facts,  may 
be  an  excellent  observer,  but  he  is  no  philosopher,  and 
can  never  reach  those  principles  which  render  the  facta 
of  science  organic.  True,  the  specidative  facidty  may  be 
abused  like  all  good  things,  but  it  is  not  men  of  science 
that   are   most   likely   to   abuse   it.     >\'hen,   more  than 
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thirty  years  ago,  a  townsman  of  your  own  accounted 
the  heat  of  chemical  combination  by  referring  it  to 
clash  of  atoms  falling  together,  he  described  an  J 
presented  to  his  mind,  but  entirely  beyond  the  reach 
his  senses.  It  was,  however,  an  image  out  of  which 
memorable  consequences ;  among  others  this  one  of  i 
personal  natuie.  The  walls  of  this  Free  Trade  Hall,  or 
rather  its  predecessor,  have  rung  with  the  speeches  of 
Cobden,  and  Bright,  and  Wilson.  But  at  the  time  wlini 
their  words  rolled  round  the  world,  the  enquirer  to 
whom  I  have  referred  was  silently  and  studiously  engaged 
in  your  city,  grappling  with  the  problem  of  heat  and 
work,  and  by  implication  with  far  higher  problems, 
grappled  with  it  successfully,  bringing  it  into  the 
light  of  experimental  demonstration.  And  I  venture  to 
afl&rm  that  in  the  coming  time,  not  even  the  great  orators 
and  politicians  just  named,  not  even  the  greatest  of  your 
maniifactiu-ing  princes,  will  enjoy  a  purer,  a  more  perma^ 
nent  or  enviable  fame — there  is  not  a  man  umong^  th( 
of  whom  Manchester  will  be  more  justly  proud,  than 
James  Prescott  Joide,  her  modest  brewer,  but  renow: 
scientific  worker. 

We  have  now  to  track  still  further  the  growth  of 
notions  of  force.     We  have  learned  that  magnetism 
a  polar  force;  and  experience  hints  that  a  force  of 
kind  may  exert  a  certain  structiu^al  power.     It  is  known, 
for  example,  that   irou   filings   strewn   round  a 
arrange   themselves   in   definite   lines,   called,   by  soi 
*  magnetic  curves,'  and,  by  Faraday,  '  lines  of  magB< 
force.'     In   these   observed  results  of  magnetic  pola 
we  find  the  material  for   speculation,  in  an  apparentl 
distant  field.     You  can   readily  make  an  experiment 
two  for  yourselves  witli  any  magnet.     Over  two  magni 
now  before  me,  is  spread  a  sheet  of  paper.     Scattering 
iron  filings  over  the  paper,  and   tapping  it,  the   filings 
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[jemselves  in  a  singular  manner.  Polar  force  is 
ere  in  action,  and  every  particle  of  the  iron  responds  to 
bat  force.  The  consequence  is  a  certain  stnictural 
ingement,  a  kind  of  architectural  effort — if  I  may  use 
le  term — on  the  part  of  the  iron  filings.  Here  is  a  fact 
'  experience  which,  as  you  will  see  immediately,  fianishes 
artier  material  for  the  mind  to  operate  upon,  rendering 
;  possible  to  attain  intellectual  clearness  and  repose,  while 
peculating  upon  apparently  remote  phenomena. 

You  cannot  enter  a  quarry  and  scrutinise  the  texture 
'  the  rocks  without  seeing  that  it  is  not  perfectly  homo- 
eneous.  If  the  quarry  be  of  granite,  you  find  the  rocks 
be  an  agglomeration  of  crj'stsils  of  quartz,  mica,  and 
elspar.  If  the  rocks  be  sedimentary,  you  find  them,  for 
ae  most  part,  composed  of  crystalline  particles  derived 
jm  older  rocks.  If  the  quarry  he  murble,  you  find  the 
acture  of  the  rocks  to  be  what  is  called  crystalline 
fracture.  These  crystals  are,  in  fact,  everywhere.  If 
you  break  a  pugar-loaf,  you  find  the  surface  of  fracture 
to  be  composed  of  small,  sliining,  crystalline  surfaces.' 
In  the  fracture  of  cast  iron  you  notice  the  same  thing; 
and  next  to  his  great  object  of  squeezing  out  the  en- 
tangled gas  from  his  molten  metal,  another  object  of  your 
celebrated  townsman,  Sir  Josepli  Whitworth,  when  he 
subsequently  kneads  his  masses  of  white-hot  steel,  as  if 
they  were  so  much  dough,  is  to  abolish  this  ciystalline 
structure.  The  shining  surfaces  observed  in  the  case  of 
crystalline  fracture  are  surfaces  of  weak  cohesion ;  and 
when  you  come  to  examine  large  and  well-developed 
crystals,  you  soon  learn  why  they  are  so.  Witli  the 
edge  of  my  knife  I  try,  in  various  directions,  the  crystal 
of  sugar,  referred  to  at  the  beginning  of  this  lecture, 
and  find  it  obdurate  ;-but  I  at  length  come  upon  a  direc- 
tion in  which  it  splits  cleanly  before  the  knife,  revealing 
two  shining  surfaces  of  cleavage.     Such  surfaces  are  seea 
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when  you  break  cast  iron,  and  the  metal  is  strength 
by  tlieir  abolition.  Other  crystals  split  far  more  e 
than  sugar. 

In  the  course  of  scientific  investigation,  then,  as 
have  tried  to  impress  upon  you,  we  make  continual  jja- 
cursions  from  a  physical  world,  where  we  observe 
into  a  super-  or  sub-physical  world,  where  the  facts  el 
all  observation,  and  we  are  thrown  back  upon  tlie 
turing  power  of  the  mind.  By  the  agreement  or  d 
ment  of  our  picture  with  subsequent  observation  it  must 
stand  or  fall.  If  it  represent  a  reality,  it  abides  with  ti>; 
if  not,  it  fades  like  an  unfixed  photograph  in  the  presence 
of  subsecjuent  light.  Let  me  illustrate  this.  You  km 
how  very  easy  it  is  to  cleave  slate  rock.  You  know  thi 
Snowdon,  Honister  Crag,  and  other  hills  of  Wales  and 
Cumberland,  may  be  thus  cloven  from  crown  to  base. 
How  was  the  cleavage  produced  ?  Ky  simple  bedding  or 
stratification,  you  may  answer.  But  the  answer  would  m 
be  correct;  for,  as  Henslow  and  Sedgwick  showed, 
cleavage  often  cuts  the  bedding  at  a  high  angle-.  W( 
here,  as  in  other  cases,  the  mind,  endeavouring  to  fin 
cause,  passed  from  the  world  of  fact  to  the  world  of  im; 
nation,  and  it  was  assumed  that  slaty  cleavage,  likecrysl 
line  cleavage,  was  produced  by  polar  force.  And,  indi 
an  interesting  experiment  of  Mr.  Justice  Grove  could 
called  upon  txi  support  this  view.  I  have  here,  in  a  cylin 
der  with  glass  ends,  a  fine  magnetic  mud,  consisting 
small  particles  of  oxide  of  iron  suspended  in  water.  Y< 
can  render  those  suspended  particles  polar  bj  sending 
round  the  cylinder  an  electric  current ;  and  one  stri 
consefiuonce  of  this  action  may  be  rendered  evident. 
present  the  particles  are  promiscuously  strewn  in 
liquid,  and  the  strongest  beam  of  light  can  hardly  stni 
through  the  turbid  medium.  But  when  the  current 
they  all  set   their   lengths  parallel   to  the   axis   of 
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Under,  and  light  immediately  flashes  out  upon  the 
een.  Now,  if  yoti  imagine  the  mud  of  slate  rocks  to 
\-e  heen  thus  acted  on,  so  as  to  place  itts  jiarticles  with 
eir  lengths  in  a  common  direction,  such  elongated  and 
t  particles  would,  when  solidified,  certainly  produce  a 
ileavage. 

Here  we  have  a  sample  of  the  '  fading  photogi-aph ' ; 
r,  plausible   as  this  is,  it  is  not  the  proper  explanation, 
e   cleavage  of  the  slate  rocks   being  demonstrably  not 
ystalline,  but,  as  shown  by  Sharpe,  Sorby,  Haughton, 
iud  m}-8elf,  due  to  pressure. 

The  outward  forms  of  crystals  are  various  and  beautiful, 
quartz-crystal,  for  example,  is  a  six-sided  prism,  capped 
each   end   by  sLs-sided   pyramids.      Rock-salt,   with 
hich  your  neighbours  in  Cheshire  are  so  well  acquainted, 
ystallises  in  cubes  ;    and  it  can   be  cloven    into  cubes 
ntil    you    cease    to    be   able    to   cleave  further   for  the 
ery  smallness  of  the  masses.      Kock-salt  is  thus  proved 
:o  have  three  planes  of  cleavage,  at  right  angles  to  each 
other.      Iceland  spar  has  also  three   planes  of  cleavage, 
but  they  are  oblique  instead  of  rectangular,  the  crystal 
being,  therefore,  a  rhomb  instead  of  a  cube.    Various  crys- 
tals, moreover,  cleave  with  difterent  facilities  in  different 
directions.    A  plane  of '  principal  cleavage '  exists  in  these 
crystals,  and  it  is  accompanied  by  other  planes,  sometimes 
of  equal,  sometimes  of  unequal,  value  as  regards  ease  of 
eavage.     Heavy  spar,  for  example,  cleaves  into  prisms, 
witli  a  rhombus  or  diamond-shaped  figure  for  a  base.     It 
cleaves  with  greatest  ease  across  the  axis  of  the  prism, 
the  other  two  cleavages  having  equal  values.     Selenite 
cleaves  with  extreme  facility  in  one  direction,  and  with 
unequal  facilities  in  two  other  directions. 

Looking  at  these  beautiful  edifices  and  their  internal 
structure,  the  pondering  mind  has  forced  upon  it  the  ques- 
tion, How  have  these  crystals  been  built  up  ?     What  is 
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the  orifi^in  of  this  crystalline  architecture?  Without 
crossing  tlie  boundary  of  experience,  we  can  make  no 
attempt  to  answer  this  question.  We  have  obtaine<l  cleai 
conceptions  of  polar  force  :  we  know  that  polar  force  rasT 
be  resident  in  the  molecules,  or  smallest  particles  of  matter, 
and  that  by  the  play  of  this  force  structural  arrangement 
is  possible.  What,  in  relation  to  our  present  questiou,  i» 
the  natural  action  of  a  mind  iijmished  with  this  know- 
ledge ?  ^Tiy,  it  is  compelled  by  its  bias  towards  unity  of 
principle  to  transcend  experience,  and  endow  the  atonu 
and  molecules  of  which  these  crystals  are  built  with 
definite  poles,  whence  issue  attractions  and  repulsions  for 
other  poles.  In  virtue  of  these  attractions  and  repulsifl 
some  fMsles  are  drawn  togetlier,  some  retreat  from 
other ;  atom  is  thus  added  to  atom,  and  molecule  to  moli 
cule,  not  boisterously  or  fortuitously,  but  silently  and 
symmetrically,  and  in  accordance  with  laws  more  rig 
than  those  which  guide  a  human  builder  when  be  pL 
his  bricks  and  slones  together.  From  this  play  of  inl 
sible  particles  we  see  finally  growing  up  before  our  ej 
these  exquisite  structures,  to  which  we  give  the  name ' 
cryntals. 

In  the  specimens  hitherto  placed  before  you  the  wo 
of  the  atomi(!  iirchitect  has  been  completed  ;  but  you  sL 
see  him  immediately  at  work.  In  the  first  place,  however, 
I  will  try  to  pull  to  pieces  before  your  eyes  one  of  his  moat 
familiar  edifices,  ordinary  ice.  The  agent  to  be  employ 
in  taking  down  the  molecules  of  the  ice  is  a  suital 
concentrated  beam  of  heat.  Sent  skilfully  through 
crystal,  the  beam  selects  certain  points  for  attack  ;  rou 
about  those  points  it  works  silently,  undoing  the  ciys 
line  architecture,  and  reducing  to  the  freedom  of  liquidi 
molecules  which  had  been  previously  locked  in  a  sol] 
embrace.  The  liquefied  spaces  are  rendered  visible 
litroni;  illumination,     liound  numerous  points  in  the  ioe 
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see  expanding  li(}iiid  flowers,  each  with  six  petals,  and 
central  vacuous  spot.  They  grow  larger  and  larger, 
uming,  as  they  do  so,  beautifully  crimped  borders ;  and 
lowing,  if  I  might  use  such  terms,  the  pains,  and  skill, 
d  exquisite  sense  of  the  beaiitifnl,  displayed  by  nature 
the  formation  of  a  common  block  of  ice. 
Here  we  have  before  us  a  process  of  demolition,  which 
clearly  reveals  the  reverse  process  of  erection.  I  wish, 
however,  to  show  you  the  molecules  in  the  act  of  following 
eir  architectural  instincts,  and  building  themselves 
together.  You  know  how  ahmi,  and  nitre,  and  sugar  crys- 
tals are  formed.  The  substance  to  be  crystallised  is 
isHolverl  in  a  liquid,  and  the  liquid  is  permitted  to  evapo- 
te.  The  solution  soon  becomes  supersaturated,  for  none 
of  the  solid  is  carried  away  by  evaporation  ;  and  then  the 
.olecules,  no  longer  able  to  enjoy  the  freedom  of  liquidity, 
ose  up  together  and  form  crystals.  My  object  now  is  to 
ake  this  process  rapid  enough  to  enable  you  to  see  it, 
,nd  still  not  too  rapid  to  l>e  followed  by  the  eye.  For 
this  purpose  a  powerful  solar  microscope  and  an  intense' 
source  of  light  are  needed.  They  are  both  here.  Pouring 
over  a  clean  plate  of  glass  a  solution  of  sal-ammoniac,  and 
placing  the  glass  on  its  edge,  the  excess  of  the  liquid  flows 
away,  but  a  film  clings  to  the  glass.  The  beam  employed 
to  illuminate  this  film  hastens  its  evaporation,  and  bring»J 
it  rapidly  into  a  state  of  supersaturation  ;  and  now  you  see' 
the  orderly  progress  of  the  crystallisation  over  the  entire 
screen.  You  may  produce  something  similar  to  this  if 
you  breathe  upon  the  frost  ferns  which  overspread  your 
window-panes  in  winter,  and  permit  the  liquid  to  re- 
stallise.  It  runs,  as  if  alive,  into  the  most  beautiful 
orms. 

In  this  case  the  crystallising  force  is  hampered  by  the 
adhesion  of  the  liquid  to  the  glass ;  nevertheless  the  play 
of  power  is  strikingly  beautiful.     In  the  next  example  our 
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crysUils  will  not  be  so  much  troubled  by  adhesiun,  ( 
shall  liberate  the  atoms  at  a  distance  from  the  sntrfi 
the  glass.  Sending  an  electric  current  through  wat 
decompose  the  liquid,  and  the  bubbles  of  tlie  const 
gases  rise  before  your  eyes.  Sendiiig  the  same  ci 
through  a  solution  of  acetate  of  lead,  the  lead  is  libe 
and  its  free  atoms  build  themselves  into  crystals  of 
vellous  beauty.  They  grow  before  you  like  spn 
ferns,  exhibiting  forms  as  wonderful  as  if  they  hac 
produced  by  the  play  of  vitality  itself.  Nitrate  of  i 
thus  decomposed,  produces  silver  trees  of  extraor( 
beauty.  The  Tiiechanisvi  of  the  process  is  rendered  ii 
gible  by  the  picture  of  atomic  poles ;  but  there  is  ( 
thing  here  incipient,  wliich  the  mind  of  man  has 
yet  seized ;  and  which,  so  far  as  research  has  peneti 
is  found  indissolubly  joined  with  what  we  despise  as  m 
I  have  seen  these  things  hundreds  of  times,  but 
without  wonder.  And  perhaps  you  would  allow 
moment's  diversion  from  my  subject,  to  say  that 
in  the  spring-time,  when  looking  with  delight  oi 
sprouting  foliage, '  considering'  the  lilies  of  the  fiel( 
sharing  the  general  joy  of  opening  life,  I  have 
myself  whether  there  is  no  power,  being,  or  tl>ii 
the  universe,  whose  knowledge  of  that  of  which  I  j 
ignorant  is  greater  than  mine.  I  have  said  to  m ysell 
man's  knowledge  be  the  greatest  knowledge — and 
life  the  highest  life  ?  '  My  friends,  the  profession  o 
Atheism  with  which  I  am  sometimes  to  lightly  cb 
woidd,  in  my  case,  be  an  impossible  answer  to  this 
tion :  only  slightly  preferable  to  that  fierce  and  disi 
Theism  which  still  reigns  rampant  in  some  min 
survival  of  a  more  ferocious  age. 


In  the  formation  of  our  lead  and  silver  trees, ) 
'  An  old  reflection  of  mine,  s«e  p.  4S8. 
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Cit  to  wrest  the  lead  and  the  silver  from  tbe  acids 
hich  they  were  comhined.  A  similar  agent  is 
i^squired  in  the  vegetable  world.  The  solid  matter  of 
l-nr  metallic  trees  was,  in  the  first  instance,  disguised  in  a 
■cansparent  liquid ;  the  solid  matter  of  our  woods  and 
poiests  is  also,  for  the  most  pKirt,  difiguised  in  a  transparent 
Ifaia,  formed  by  the  union  of  carbon  and  oxygen,  and 
p^dffused  in  small  quantities  in  the  atmosphere.  Subjected 
lea  an  action  somewhat  analnj^ous  to  that  of  the  electric 
rmorrent,  in  the  case  of  our  lead  and  silver  solutions,  this 
BBS  hai)  its  carbou  liberated  and  deposited  as  woody  fibre. 
t*he  aqueous  vapour  of  the  air,  subjected  to  a  similar 
^^jtion,  has  its  hydrogen  liberated  from  its  oxygen,  the 
pormer,  like  the  carbon,  entering  the  tissue  of  the  tree. 
^ut  what  is  it  in  nature  that  plays  the  part  of  the  electric 
^•irrent  in  our  experiments  ?  The  liglit-waves  of  the  sun. 
t!*he  leaves  of  plants  absorb  both  the  carbonic  acid  and  the 
fc^ueous  vapom-  of  the  air.  In  the  leaves,  the  solar  rays 
decompose  the  acid  and  the  water,  permitting  the  oxygen, 
fXi  both  cases,  to  escape  into  the  air,  and  allowing  the 
^«rbon  and  the  hydrogen  to  follow  the  bent  of  their  own 
k%ructural  forces.  And  just  as  the  molecular  attractions 
E»f  the  silver  and  the  lead  found  expression  in  the  pro- 
9.uction  of  those  beautiful  branching  forms,  seen  in  our 
Experiments,  so  do  the  molecular  attractions  of  tlie  libe- 
fc^ated  carbon  and  hydrogen  iind  expression  in  the  arcliitec- 

ire  of  grasses,  plants,  and  trees. 
I  In  the  fall  of  a  cataract  and  in  the  rush  of  the  wind 
i^e  have  examples  of  mechanical  power.  In  the  combina- 
p^ons  of  chemistry,  and  in  the  formation  of  crystals  and 
Vegetables,  we  have  examples  of  molecular  power,  wliich 
|kDay  be  turned  to  meulianical  account.  As  regards  our 
pttore  of  the  latter,  the  world  may  be  divided  into  two 
^teids  of  matter ;  or  rather  the  matter  of  the  world  may 
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be  classified  under  two  distinct  heads — namely,  atoms  and 
molecules  which  have  already  rushed  together  and  satisfied 
their  mutual  attractions,  and  atoms  and  molecules  who<« 
attractions  are,  as  yet,  unsatisfied.  With  regard  to 
motive  pnwer,  the  working  of  machinery,  or  the  pei» 
forraance  of  mechanical  work  generally,  by  means 
ma.terials  of  the  earth's  crust,  we  are  entirely  depeni 
on  those  atoms  and  molecules  whose  attractions 
yet  unsatisfied.  These  can  produce  motion,  and 
tbk  molecular  motion  that  we  utilise  in  our  machines. 
We  can  get  power  out  of  oxygen  and  hydrogen,  during 
the  act  of  their  union,  but  when  they  are  combined, 
and  when  the  motion  consequent  on  their  com 
tion  has  been  expended,  no  fiurther  power  can  be  got 
of  them.  As  dynamic  agents  they  are  dead.  When  we 
examine  the  materials  of  the  earth's  crust,  we  find  them 
consisting  for  the  most  part  of  substances  whose  atoms 
have  already  closed  in  chemical  union — whose  mutual 
attractions  are  satisfied.  Granite,  for  instance,  is  a  widelv- 
diffused  substance;  but  granite  consists,  in  great  party 
silicon,  oxygen,  potassium,  calcium,  and  aluminium,  wb 
atoms  met  long  ago  in  chemical  combination,  and 
therefore  dead.  Limestone  is  also  a  widely-diflused  sub- 
stance. It  is  composed  of  carbon,  oxygen,  and  a  m^ 
called  calcium.  But  the  atoms  of  those  substances  cl 
long  ago  in  chemical  union,  and  are  therefore  eternally  ai 
rest. 

In  this  way  we   might   go   over  the  whole   of 
materials  of  the  earth's  crust,  and  satisfy  ourselves  t] 
though  they  were  sources  of  power  in  ages  past,  and  long 
before  any  being  had  appeared  on  the  surface  of  the  earth 
capable  of  turning  their  energies  to  account,  they  are  not 
sources  of  power  now.     And  here  we  might  halt  for^f 
moment  to  remark  on  that  tendency,  so  prevalent  in  tfiW 
world,  to   regard   everything   as  made   for   human 


lelv- 

I 

5ub- 
3iel|kj 

ly  ai 


CRYSTALS   AND    MOLECULAR    FORCE. 


579 


lose  who  entertain  this  notion  liold,  I  think,  an  over- 
Ireening  opinion  of  their  own  importance  in  the  system  of 
ftture.  Flowers  bloomed  before  men  saw  them,  and  the 
intity  of  ener^  wasted  before  man  could  utilise  it,  is 
11  but  infinite  compared  with  what  now  remains  to  be 
plied.  We  are  truly  heirs  of  all  the  ages;  but,  as 
Bnest  men,  it  behoves  us  to  know  the  extent  of  our 
"inheritance ;  and,  as  brave  ones,  not  to  whimper,  if  it 
should  prove  to  be  less  than  we  supposed.  Inordinate 
claims  and  expectations  are  not  necessary  to  the  moulding 
of  healthy,  happy,  and  patriotic  men.  Not  with  beggarly 
fear,  or  mutinous  discontent,  but  rather  with  elation  of 
mind,  ought  we  to  accept  the  brotherhood  affirmed  by  the 
poet,  when  asked  the  use  of  the  beautiftd  rhodora — 


Whj  thou  wert  there,  0  rivn!  of  the  rose  I 

I  never  thuught  to  iisk,  I  iii'vor  know, 

But  in  my  itimple  ignorance  suppoM 

The  Bclf-Mime  Power  thut  brought  me  here  brought  yon.' 


^P  A  few  exceptions  to  the  general  state  of  union  of  the 
particles  of  the  earth's  crust — vast,  in  relation  to  ua,  but 
trivial  in  comparison  to  the  total  store  of  which  they  are 
the  residue — still  remain.  Tbey  constitute  oiu-  main 
sources  of  motive  power.  By  far  the  most  important  of 
these  arel  our  beds  of  coal.  Distance  still  intervenes 
between  the  atoms  of  carbon  and  those  of  atmospheric 
oxygen,  across  which  the  atoms  may  be  urged  by  their 
mutual  attractions ;  and  we  can  utilise  the  motion  thus 
produced.  Once  the  carbon  and  the  oxygen  have  rushed 
together,  so  as  to  form  carbonic  acid,  their  mutual  attrac- 
tions are  satisiied ;  and,  while  they  continue  in  this  con- 
dition, as  dynamic  agents  they  are  dead,  A  pound  of 
coal  produces  by  ita  combination  with  oxygen  an  amount 
of  heat  which,  if  mechanically  applied,  would  raise  a 
weight  of  a  ton  to  a  height  of  about  a  mile  above  the 
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earth's  surface.  Conversely,  a  ton  falling  from  the  hei^lit 
of  a  mile,  and  striking  against  the  earth,  would  genentf 
an  amount  of  heat  equal  to  that  developed  by  the  coof 
bustion  of  a  pound  of  coal.  Consider,  then,  the  enor 
energies  of  our  coal-fields.  We  dig  annually  from 
pits  about  100  millions  of  tons  of  coal,  the  comb 
tion  of  a  single  pound  of  which,  supposing  it  to 
place  in  a  minute,  would  be  equivalent  to  the  work  of '. 
horses.  If  we  suppose  1 20  millions  of  horses  working  > 
and  night  with  unimpaired  strength  for  a  year, 
united  energies  would  enable  them  to  perforin  an  amonnt 
of  work  just  equivalent  to  the  annual  produce  of  our  coal- 
fields. Our  woods  and  forests  are  also  sources  of  mecha- 
nical energy,  because  they  liave  tlie  power  of  uniting  wjtli 
the  atmospheric  oxygen.  Passing  from  plants  to  animals, 
we  find  that  the  source  of  motive  power  just  referred 
to  is  also  the  source  of  muscular  power.  A  horse  can 
perform  work,  and  so  can  a  man;  but  this  work  is  at 
bottom  the  molecularwork  of  the  elements  of  the  food  and 
the  oxygen  of  the  air.  We  inhale  this  vital  gas.  and  brii^ 
it  into  sufficiently  close  proximity  with  the  carbon  and  the, 
hydrogen  of  the  food.  These  unite  in  obedience  to  thl 
mutual  attractions ;  and  their  motion  towards  each  oth« 
properly  turned  to  account  by  the  wonderful  mechanism] 
the  body,  becomes  muscular  motion. 

Wherever  work  is  done  by  heat,  heat  disappears.  Tfi" 
quantity  of  heat  communicated  to  the  boiler  of  a  working 
steam-engine  is  greater  than  that  obtainable  from  the 
recondensation  of  the  steam  after  it  had  done  its  work ; 
and  the  amount  of  work  performed  is  the  exact  equivalent 
of  the  missing  amount  of  heat.  One  fundamental  thought 
pervades  all  such  statements :  there  is  one  tap  root  from 
which  tlioy  all  spring.  This  is  the  ancient  maxim  that 
out  of  nothing  nothing  comes  ;  that  neither  in  the  organic 
world  nor  in   the  inorganic  is  power  produced  without 


the  expenditure  of  other  power;  that  neither  in  the  plaut 
nor  in  the  animal  ia  there  a  creation  of  force  or  motion. 
Trees  grow,  and  so  do  men  and  horses ;  and  here  we  have 
new  power  incessantly  introduced  upon  the  earth.  But 
its  source,  as  I  have  already  stated,  is  the  sim.  For  it 
is  the  sun  that  sepaniles  tlie  carbon  from  the  oxygen  of 
the  carlxmic  acid,  and  enables  them  to  ret'ombine.  And 
whether  they  recombine  in  the  furnace  of  the  steam- 
engine,  or  in  the  animal  body,  the  origin  of  their  power  is 
the  same.  In  this  sense  we  are  all  '  souls  of  fire  and 
children  of  the  sun  ; '  but,  as  remarked  by  Helmholtz,  we 
must  be  content  to  share  our  celestial  pedigree  with  the 
meanest  of  living  things. 

I  look  to  a  still  remoter  brotherhood  ;  but  we  are  here 
upon  the  edge  of  a  battlefield  which  I  do  not  intend  to 
enter  to-night ;  from  which,  indeed,  I  have  just  escaped 
bespattered  and  begrimed,  but  without  much  loss  of  heart 
or  hope.  It  only  remains  for  me  to  briefly  indicate  the 
position  of  the  opposing  hosts.  From  the  processes  of  crys- 
tallisation which  you  have  just  seen,  you  may  pass  by 
almost  imperceptible  gradations  to  the  lowest  vegetable 
organisms,  and  from  these  through  higher  ones  up  to  the 
highest.  The  conflict  referred  to  is :  that  whereas  one 
class  of  thinkers  regard  the  observed  advance  from  the 
crystalline,  through  the  vegetable  and  animal  worlds,  as 
an  unbroken  process  of  natural  growth,  thus  grasping 
the  world,  inorganic  and  organic,  as  one  vast  and  inrtis- 
solubly  connected  whole ;  the  other  class  suppose  that  the 
passage  from  the  inorganic  to  the  organic  required  a  dis- 
tinct creative  act,  and  that  to  produce  the  different  forms 
of  organisms,  both  in  the  world  of  fossils  and  in  the  world 
of  living  things,  separate  creative  acts  were  also  needed. 

Which  are  right  and  which  are  wrong  is,  I  submit, 
a  problem  for  reasonable  and  grave  discussion,  and  not 
for  anger  and  hard  names.    The  question  cannot  be  solved 
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be  AdTcd — hj  aagry  winae.     Nor 
F«t  te  ammmead  by  aypcalB  to  hopei  and  fau« — to  wtitt^ 

r  beraaftier,  bj  joining  tlm  uo«  i 
>  ade.    TW  bribe  «f  etamitT  itself,  were  it  i 
f  fliU*  to  offer  it,  eoold  mat  faeraat  tiie  human  mind 

_  wdb  tbe  tmtb.  Scepdaaa  is  »t  the  root  of  our 
tank  I  toOHB  tbat  leefitieiv  triiieb  hokb  that  homan 
■atoc^  btiig  I  gorfiilljr  mneyt  sad  vile,  will  go  to  ruin 
if  tboprop*  of  am  camramtioBml  tbeologj  are  not  iiuiii> 
ttMM^  Wben  I  »e  an  able,  and  in  manj  respecta  t 
,  tuiuuBg  to  and  firo  apon  tbe  eartb,  aad 
;  bu  hsHk  ofcr  the  tbnatawd  loss  of  bi^  ide 
I  feel  dispoeed  to  exboct  bim  to  cast  out  tbi^  9c«f: 
aad  to  beboTB,  andoafatiaglj,  tbat  in  tbe  mind  of  man  ' 
botvB  tbe  tobMnftaB  of  all  ideals.  We  bave  there  car 
vbieb  win  as  sweh  and  inEilliblT  respond  to  tbe 
aanas  of  a  xcaUy  Utii^  sool,  as  string  respoods  to  sti 
■bta  tbe  proper  aote  is  souaded.  It  is  tbe  function 
tbe  teocber  «f  ^■—"■■','^  to  call  forth  this  reranance  of  I 
haatoa  bcait.  Bat  tbe  poeribilttj  of  doing  so  dei 
•ek  wU^  ami  aakfy  apoa  bim,  but  opoo  tbe  ante 
tet  tbat  tbe  randitieaa  far  ite  iqipeaiance  are  alieadj 
tbere^ 


already 


Some  of  the  points  referred  to  in  this  fragment . 
connected  with  their  historic  antec-edent^  in  tbe  artic 
entitled  'The  Copley  Medallist  for  1871.' 
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Medicine,  as  elsewhere,  knowledge  grows  and  consoli<latcs 
through  the  conflict  iind  sifting  of  opinions  mid  evidences.  With 
regard  to  the  great  cla.«s  ol'  diseases  known  as  epidemics,  which 
flourisli  tlirough  the  transfer  irom  place  to  place,  and  tram 
person  to  person,  of  a  !=oniething  which  continues  to  exist  through 
its  own  powers  of  reproduction,  physicians  have  long  been 
ivided  in  their  notions.  And  with  regard  to  the  title  of  cer- 
nin  diseases  to  bo  niiikud  as  efiideraic,  the  opininns  of  the 
medical  world  have  been  v'qually  divided.  On  this  last  qiit'stion 
more  especially,  theoretic  notions  may  be  of  the  last  importance, 
for  they  more  or  less  determine  the  physician's  practice,  and 
have,  therefore,  a  direct  bearing  upon  the  lives  committed  to  his 
care. 

On  hardly  any  point  of  medical  theory,  and  the  practice 
flowing  from  it,  has  this  division  of  opinion  been  more  distinct 
than  on  the  question  of  typhoid  fever.  The  pith  of  the  con- 
troversy is  this :  Can  typhoid  fever  be  generated  anew  ?  Is  it 
produced  by  the  decomposition  and  putrefaction  of  animal  and 
vegetable  substances,  or  must  the  matter  producing  it  have  had 
previous  contact  with  an  infected  body  7  In  other  words,  for  every 
new  case  of  tyjihoid  fever  may  we  with  certainty  infer  a  pre- 
existing case,  of  which  the  new  one  is  merely  the  propajiatinn  or 
continuation  ;  or  are  we  entitled  to  conclude  that  organic  matter, 
which  has  never  been  in  contact  with  a  typhoid  putieiit,  is,  in 
virtue  of  its  own  decomposition,  ca(>able  of  starting  the  feve 
anew  ?  When  we  consider  that  this  pest  sends  15,000  of  the 
inhabitants  <>f  these  ijilands  yearly  to  the  grave,  and  causes 
150, 000  to  pass  through  its  protracted  miseries,  the  question 
here  Bt,<Jted  a-^sumes  the  very  gravest  imprntunce,  because  our 
relation  to  it  must  determine  our  mode  of  attack  upon  this  enemy 
of  mankind. 
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The  poaition  taken  by  Dr.  Budd  in  reference  to  thu  qiwh- 
tioti,  ia  one  which  will  render  hix  name  memorable  in  the  hi^torr 
of  medicine.  In  the  w- rk  ))efore  ua  he  seeks  to  prove  that  IM> 
first  of  the  poaitions  just  laid  down  ia  the  true  poHition;  that 
there  ia  no  such  thing  »s  the  ajmnlaneous  generation  of  typtioid 
lever  ;  that  the  malady  is  propagated,  as  aurely  us  amaJIpox  a 
propagated  tlirough  a  special  vims,  by  contagion,  lie  b«g 
developing  his  evidence  on  this  head  ;  he  then  fixes  the  prii 
aeat  of  the  contagious  matter  ia  the  intestine  ;  be  exarainal 
nature  of  the  intestinal  affection,  the  relation  of  typhoid  fever  ' 
defective  sewerage,  the  ch.iracter  of  the  contagious  agent,  I 
eniploynietft  of  disinfectants  and  disinfection.  He  discusse*  1 
so-called  *  pythogenic '  or  putrescent  tht-ory,  and  winds  up  wid 
Bome  remarks  on  the  spontaneous  origin  of  typhoid  fever, 
book,  from  beginning  to  end,  ia  one  comprehensive  aigxinie 
with  rrferenoe  to  which  it  may  be  said  that  the  facts  alleged  i 
of  the  most  oouclusive  character,  while  the  logic  which  bu 
them  togetljer  is,  as  far  a.<t  I  can  see,  aimply  irresistible. 

This  ia  a  question  which  is  sure  to  occupy  the  attention  of 
legislators  as  well  as  of  physicians,  and  it  is  therefore  desirable 
to  pliice  it  in  the  clearest  iintechnical  light.  Dr.  Budd  takes  his 
reader  to  the  village  of  North  Tawton,  where  he  was  himvelf 
born  and  brought  up,  and  every  inhabitant  of  which  waa  per> 
Bonally  known  to  him.  In  the  village  there  was  no  general 
system  of  sewers.  Round  the  cottages  of  lliose  who  earned  their 
bread  with  their  liandsi,  and  who  formed  the  great  bulk  of  the 
population,  were  collected  varinua  olTensive  matters.  £ach 
cottage,  or  group  of  three  or  four  cottages,  had  a  common  privy, 
to  which  a  simple  excavation  in  the  grotmd  served  as  a  cesspooL 
In  many  cases,  hard  by  the  cottage  door  there  was  not  only  an 
open  privy,  but  a  dung-heap,  where  pigs  rooted  and  revelled. 
For  a  long  ]it'rio<l  there  was  much  ofTeiisive  to  the  nose,  but  so 
fever.'  An  imiuir}-,  conducted  with  the  most  scrupulous  care, 
ahowed  that  for  Utteen  years  there  had  been  no  severe  outbrr-ak 
of  the  disorder,  and  that  for  nearly  ten  years  there  had  been  only 
a  single  case.  '  For  the  devtlopnicnt  of  this  fever,'  adds  Dr. 
Budd,  '  a  more  gpecilic  element  was  needed  than  the  swine,  the 
dung-heaps,  or  the  privies  were  able  to  furnish.' 

>  Tliitiirttirexpcrienreof thepoororpnrtsoiEdinbargh.  Se«pfai.  In 
forms  manifold  the  same  i'xp«rionce  liai, {iresented  itself  to  mo  in  Switzerland. 
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ITliat  element  at  lengili  came,  and  fonned  a  starting-point 
om  which  its  further  priigresM  might  be  securely  followed.  On 
Jul}'  1 1,  1839,  a  case  of  typhoid  fever,  doubtless  imported  from 
without,  occurred  in  a  poor  and  crowded  dwellitijr,  and  before 
the  end  of  November  eighly  of  the  inhabitants  had  suffered 
from  it ;  a  proportion  about  tlie  s»nie  as  that  now  suffering  iit 
Over  Darwen.  The  reader  will,  I  trust,  bear  strictly  in  mind 
that  tlie  tjuestion  now  before  us  is,  whether  typhoid  fever  is 
Contagious,  and  he  is  asked  to  weigh  the  answer  wliich  facta 
return  to  this  qu&stion.  Two  sawyi-ra  living  near  tlve  stricken 
house  at  North  Tawton,  fell  ill,  and  quitted  the  village  for  their 
own  honjes  at  Marchard,  where  no  previous  case  of  typhoid 
fever  had  been.  In  two  days  one  of  these  men  took  to  his  bed, 
and  at  the  end  of  five  weeks  he  died.  Ten  diiys  after  hia  death, 
his  two  children  were  laid  up  with  the  fever.  The  other  sawyer 
also  took  to  his  bed,  and  when  at  the  wont  a  friend  from  u 
distance  came  to  see  him,  and  assisted  to  raise  him  in  bed  On 
the  tenth  day  after,  this  friend  was  seized  with  the  fever. 
Before  he  became  convalescent,  two  of  his  children  were  struck 
down,  and  his  brother,  who  lived  at  a  di.stance,  but  who  came 
to  see  him,  also  fell  a  victim.  Was  this  series  of  events  the 
result  of  chance,  or  was  it  the  work  of  contagion  ?  Let  us 
pursue  the  inquiry  further.  On  August  20,  u  Mrs.  Lee  began 
to  droop  at  North  Tawton,  and,  not  knowing  what  was  impend- 
ing, she  visited  her  brother  at  Chaffcombe,  seven  miles  ofE.  She 
was  smitten  with  the  fever,  and  before  she  became  convalescent,! 
her  sister-in-law,  Mrs.  Snell,  who  had  nursed  her,  was  attacked 
and  died  subsequently.  Then  came  Mr.  Snell,  tlien  one  of  the 
farm  apprentices,  then  a  day-labourer,  then  a  Miss  Snell,  who 
had  come  to  take  charge  of  tlie  house  after  Mrs.  Snell's  death ; 
and,  finally,  a  group  consisting  of  a  servant  man,  a  servant  girl, 
and  another  young  person  who  had  acted  as  nurse. 

The  case  here  submitted  to  the  reader  is  not  one  of  medical 
practice,  btit  of  common  evidence,  which  does  not  even  require  a 
trained  scientific  mind  to  weigh  it.  Let  us  proceed.  A  boy 
who  had  been  smitten  at  Chaffcombe  went  to  his  mother's 
cottage  between  Bow  and  North  Tawton.  Before  he  recovered, 
his  mother,  who  had  nursed  him,  sickened  and  died.  Two 
children  of  the  fiimily  ne.xt  door  were  ne.xt  attacked,  then  the 
sister  of  the  boy  who  had  carried  the  infection  from  Chaffocimlift. 
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She,  in  her  nnn,  rtmrrtd  to  aaotlier  pluw,  aad  bccaine  a  new 
foeas  for  ili«  propa^twn  of  the  diwMt.  Again,  to  lighten  tbe 
liat  of  in-raKds,  a  girl  named  Maiy  Gibbiaga  «■■  sent  from 
Cliafeimbe  to  her  bome  at  Looeebeare,  four  mika  ofil  Here  Aa 
hty  ill  for  Bereral  weekx.  Before  fhe  recorered,  her  father  va* 
sesxed.  A  fiumer  who  lired  across  the  road,  and  who  ristcd 
Gibbinga,  was  next  strack  down.  His  ease  was  followed  b; 
ander  the  same  roof:  and  the  f«rer,  sprcadii^  from  ihit 
other  hooKK,  became  the  centre  of  an  epidemic  which  gTa>^ 
doallj  extended  Ut  the  whole  hamlet. 

At  the  nine  time,  scattered  over  the  oonntry  nde,  were 
twenty  or  iliirty  other  hamlets,  in  each  of  which  were  the 
manure  vnrd,  the  ineritable  pigsty,  and  the  same  primitire 
oomntodation  for  bnman  needs.  '  The  Mune  ami  shone  tipoa  all 
alike  through  month  after  month  of  the  same  fine,  dry,  autnnnal 
weather.  Fmm  the  M>il  of  all  theee  hamlets  human  and  other 
•anria;  exhaled  into  the  air  the  same  putrescent  compotmds  ia 
about  equal  abundance.  In  some  of  them,  indeed,  to  f>pcak  the 
exact  truth,  these  compounds,  if  the  noae  might  be  triuted — and 
in  this  matter  there  is  no  better  witness — were  much  more  ripe. 
And  jet,  while  at  Loosebeare  a  large  proportion  of  the  inhabit- 
ants were  Ijing  prostrate  with  fever,  in  not  one  out  of  the  twen: 
or  thirty  similar  hamlets  was  there  a  single  case.' '  There  is 
confusion  of  data  here ;  no  blur  or  indistinctnets  in  the  obseTT( 
vision,  no  flaw,  as  far  as  I  can  see,  in  his  reasoning.  He  foliw 
the  morbific  agent  from  place  to  place,  sees  it  planted,  develo; 
shedding  its  seeds,  producing  new  crops;  growing  up  where 
is  sown,  and  there  only.  Ashpits  &il  to  ilcvelop  it ;  pni 
fails  to  develop  it;  stench  fails  to  develop  it;  even  the  opeB 
privy  is  powerlesis  as  long  as  it  is  kept  free  from  the  discharges 
of  thoM  already  attacked.  The  case  of  North  Tawton  ia  typical ; 
onmeroQs  other  cases  equally  conclusive  are  adduced — among 
them  the  foul  condition  of  the  Thames  in  the  hot  weather  of 
1858  and  1859,  when  stench  tor  the  first  time  '  rose  to  the  height 
of  an  historic  event :  '  and  when,  nevertheless,  Londoo, 
along  the  river,  enjoyed  a  singular  immunity  from  fever.     It 

'  VTiih  such  eritlenoe  as  this  befoiv  an.  eonobeiated  as  it  is  in 
most  direnifiad  nMnner  by  mj  own  czpfrieDM^  1  eaaoct  toetf*.  for 
gniilaiKw  sitlitr  the  koovlnJcv  or  the  aeirntiflr  rompetenee  of  some  c^  Ihi 
who  have  ina<ie  (><  «tM  rabiect  of  entiricm. 
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Ithinic,  impossible  for  any  inWlligent  reader,  and  I  sboald  aay 
Ttainly  impoRsible  for  any  man  trained  to  scientific  reasoning, 
quit  Dr.  Budd's  volume  withont  closing  with  his  conclusion, 
■'     that  the  /iVi"n<7  human  brxli/  i>  the  toil  in  which  the  tpecifie  poison 
fif  typhoid  fccer  breeds  and  multiplies. 

What  is  the  seat  of  the  poison  7     Dr.  Badd  i«  too  cautions 
i  shut  out  the  possibility  of  infection  by  any  of  the  emanations 
rom  a  persiin  suffering  from  the  disease.     But   its  Bpecial  and 
Imost   e.^clugive   lociiit    is   the   diseased    intestine.      He   gives 
nwiugs  .ind  photogmphs  of  the  bowel  at  various  stages  of  the 
lisease ;  and  it  is  hardly  pos.'<ible  to  look  on  these  without  coming 
I  the  conclusion  that  the  whole  interior  surtace  of  the  bo»vels 
I  the  seat  of  an  eruption.     The  pustules  or  protuberant  patches, 
ftUed  '  Peyer's  patches,'  thicken  and  stand  out  in  relief  from  the 
lurface  of  the  gut.     They  feel,  to  tme  llie  words  of  Chomel,  as  if 
solid  and  elastic  substance  had   been   iri«!rted  between  the 
oats  of  the  intestine,  while,  when  a  patch   is  cut  through,  its 
Bxture  is  seen  to  be  occupied  by  a  yellowish- white  cheese-like 
flatter.     '  This  is  the  peculiar  "  typhoid  matter  "  whose  presence 
typical  of  the  disejisK,  and  whose  formation  and   elimination 
constitute  the  essence  of  the  intestinal  procos.«.'     Louis  lins  made 
areful  observations  as  to  the  duration  of  the  alvino  discharge 
'Vhich  accompanies  typhoid  fever,  and  finds   it   to  be  in    mild 
cases  15,  and  in  severe  cases  25  days.     For  this  period,  there- 
fore, every  individiuil  smitten  at  Over  Darwen  has  been  flooding 
the  uiidrainod  ground  with   the  poinon  of  this  coiitagioua  lever. 
It  reaches  the  drinking  water ;  it  partially  dries  and  Hoata  in  the 
air;  it  rises  inechaniailly  with  the  giis-bubbles  issuing  from  cess- 
pools, and  thuf»  the  pestilenco  wraps  like  an  atmosphere  the  entire 
community. 

How  could  a  disease  whose  characteristics  are  so  soverolv 
demonstrable  have  ever  been  imagined  to  be  non-contagious  7 
How  could  such  a  doctrine  be  followed  out,  as  it  has  been,  to 
the  dififruction  of  humati  life  7  Mainly  because  practice  in 
cities,  where  the  greatest  inedical  authorities  reside,  was  directly 
calculated  to  throw  the  physician  off"  the  scent.  The  seat  of  the 
disease  being  the  intestine,  with  well-appointed  wuter-closets 
it  is  no'  in  the  sick-room  that  the  mischief  is  done,  but  ofti-n  at 
a  di.>ftance  from  the  sick-room,  through  the  agoncy  of  the  sewer, 
which  Budd  graphically  describes  as  '  a  direct  oontiniution  < 
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the  diseased  intestine.'  Hence  the  mystic  power  of  '  sewer-g».' 
Hence  the  inability  of  the  raetTOpoIitan  pracdtioner  to  trace  tin 
diwaee  to  its  origin.  Hence  the  immunity  of  undrained  coootiy 
villagen  as  long  as  the  specitic  poison  ke«ps  away  ;  and  hence  ala> 
the  Irvcjtli^  ravages  of  the  disease  in  such  vilJaigea  aa  soon  m  il 
apf>eHre. 

Were  it  not  that  I  have  already  drawn  fiir  too  bearily  npoa 
your  space,  I  might  enlarge  upon  thene  subjecta.  I  Mrill  lijnti 
myself  to  one  more  point  of  commanding  interest.  What  La  liM 
nature  of  the  typhoid  poiron  7  The  'yellow  typhoid  mauer," 
already  referred  to,  Budd  describes  as  made  up  of  nnclest«( 
cells.  Tlie  term  '  germ-tlieory  '  does  not,  to  my  knowledge^ 
(iccur  once  in  die  volume,  possibly  because  of  the  opposition  in( 
ridicule '  which  that  theory  encountered  in  the  English  Medici 
Press.  Over  and  over  again  Budd  speaks  of  '  gemis ; '  but  i| 
might  be  imagined  that  he  used  the  word  figuratively.  Thoti 
who  knew  him,  however,  were  well  aware  that  iliis  was  not  tiu 
case ;  and  in  the  early  part  of  the  present  volume,  after  describ- 
ing the  calamities  incident  to  typhoid  fever,  he  remarks:  'I 
in  humiliating  that  issues  such  as  these  should  be  coutingen 
on  the  powers  of  an  agent  sto  low  in  tlie  scale  of  beinft  that  tbi 
mildew  which  springs  on  decaying  W(H>d  must  be  considers 
Iiigh  in  com|)urison.'  Four  or  Bve  years  ago,  I,  an  outsidei 
ventiire<l  upon  this  ground  of  medical  theory,  for  it  involved  ol 
know]e<Ige  of  medical  practice,  l)ut  simply  a  capacity  to  weigl 
evidence ;  nnd  the  evidence  that  epidemic  diseases  were  pnrasitil 
appeared  to  me  very  strong.  On  June  9,  1B71,  1  ventured  t 
express  myself  thus:  'With  their  respective  viruses  you  ma 
plant  typhoid  fever,  scarlatina,  or  sniallpox.  What  are  th 
cropx  that  arise  from  this  husbandry  7  As  surely  as  a  tliistJi 
ri.%8  from  a  thistle-seed,  as  surely  as  the  fig  comes  from  the  fig 
the  grape  from  the  grape,  and  the  thorn  from  the  thorn,  i 
surely  does  the  typhoid  virus  increase  and  multiply. into  typhoi( 
fever,  the  scarlatina  virus  into  scarlatina,  the  smallpox  vinj 
into  smallpox.  What  is  the  conclusion  that  suggests  itself  hers 
It  is  this:  that  the  thing  which  we  vaguely  call  a  virus  n  ) 
all  intents  and  purposes  a  sftd;  that,  excluding  the  notion  t 
vitality,  in  the  whole  ninge  of  chemical  science  you  cannot  poia 

'  Now  considerably  abated  [1876J. 
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to  an  action  which  iDuatrate*  tiiia  perfect  pralleliiBn  with  the 
phenomena  of  life — this  demonstrated  power  of  aelf-moltipliciitioa 
and  reprodnction.' '  It  was  the  clear  and  powerful  writings  of 
William  Budd,  joined  to  thoae  of  the  illaatrioos  Pasteur,  that 
won  me  to  these  Tiew&  It  is  partlj  with  a  view  of  stamping 
at  a  receptive  moment  salutary  truths  upon  the  public  mind,  but 
partly,  also,  through  the  desire  of  rendering  justice  to  a  noble 
intellect,  which  has  been  literallj  sacrificed  to  the  public  good, 
that  I  draw  attention,  not  only  to  the  masterly  combinaiiun  of 
observation  and  inference  exhibited  fivm  b^:inning  to  end  of 
Dr.  Budd's  volume,  but  also  to  the  crowning  fact,  already  pub- 
lished in  the  medical  journal?,  and  to  which  my  attention  was 
first  drawn  by  my  eminent  friend  Mr  Simon,  that  Dr.  Klein 
has  recently  diiicovered  the  very  organism  which  lies  at  the  root 
of  all  the  mischief,  and  to  the  destruction  of  which  medical  and 
sanitary  skill  will  henceforth  be  directed.* 
I  am,  Sir, 

Your  obedient  servant, 

JoHH  Ttndall. 

KoT4L  Ixorrnraioif :  Xov.  8. 


'  It  wasthecoDsidemtioDB herementioDed  thatswayed  me  at  the  outset ; 
it  is  tb«7  that  moat  powerfully  iaflaence  my  coorictioiis  still.  And  they 
would  remain  if  the  canaal  relation  between  recently  diacorered  organisms 
and  epidemic  disease  were  disproved  to-morrow. — J.  T.,  March  1876. 

>  Dr.  Hurchison  gave  this  brief  reference  to  Dr.  Klein  considerable 
prominence  in  bis  remarks  before  the  Pathological  Society  on  May  4,  1876. 
lie  did  not  grapple  with  the  arguments  of  Dr.  Budd,  nor  attempt  to  show 
why,  when  erery  condition  laid  down  by  himself  for  the  pro<luction  of 
typhoid  fever  is  present,  the  fever  fails  to  be  produced.    See  p.  [3d. 
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